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CHAPTER ONE:  GENERAL INTRODUCTION 
 
Why study butterflies 
 All over the world butterflies are studied to understand everything from the effects of 
agricultural loss from caterpillar pests to conservation of butterflies as indictors of 
biodiversity and climate change.  Butterfly’s habitats range from urban area flower gardens 
to alpine mountain tops, and are one of the few “popular” insects to the general public.  It is 
estimated that of the 13,750 species of true butterflies (Papilionoidea) in the world (Elhrich 
and Raven 1965; Robbins, 1982; Shields, 1989; and Robbins and Opler, 1997), 90% have 
been described taxonomically (Robbins and Opler, 1997).  Butterflies are holometabolous 
insects, meaning they go through a complete metamorphosis.  The existence of these 
different life stages means that butterflies fall into multiple functional groups, including 
herbivore and pollinator.  Most North American butterflies have at least one generation a 
year, flying as the adult or imago during a specific time frame with one brood (univoltine) or 
multiple life cycles per year (multivoltine).  The short life span for a generation and the short 
time span for active stages along with their relative ease of identification within the group of 
insects have made butterflies a taxonomic group of intense research.  Butterfly physiology at 
any life stage, is intrinsically tied into microclimate as well as the plant community, making 
them susceptible to climate and anthropogenic changes.  Their roles in nature have permitted 
a plethora of studies about butterflies and their relationships to terrestrial biodiversity and 
conservation.  
 The Greater Yellowstone Ecosystem (GYE) includes Yellowstone National Park, 
Grand Teton National park, and portions of surrounding national forests and private lands 
(Patten, 1991; and Romme and Turner, 1991), the headwaters to three major continental-
scale watersheds (Marston and Anderson, 1991), as includes three states (Idaho, Montana, 
and Wyoming).  Elevated levels of CO2 are expected to increase temperatures within the 
GYE, however there is uncertainty as to how climate change will alter precipitation across 
the region (Cushman et al., 1988; Romme and Turner, 1991).  An estimated 184 butterfly 
species occur in Montana and 197 in Wyoming (Robbins and Opler, 1997).  Utilizing 
weather station data from the northern and southern regions of the GYE we can see that over 
the past twenty years weather patterns for precipitation (Figure 1) and temperature (Figure 2) 
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are regionally different and variable.  How these regional differences will affect the GYE 
butterfly community is uncertain.  However a good understanding of these communities will 
help to establish a basis for future studies investigating climate change.   
 Butterflies are closely associated with the plant community.  Most adult butterflies 
require nectar resources from flowering forbs.  The synchrony between flower and adult 
butterflies phenology can be very narrow (Calabrese et al., in press) and may become a 
problem with increased rates of climate change as date of first emergence becomes early over 
time (Inouye et al., 2000).  Phytophagous insects, like butterflies, are thought to have 
coevolved with their larval host plants (Wahlberg, 2001) and are tied to specific species or 
groups of host plants.  Many butterfly species are very nectar and host plant specific, while 
others are considered nectar opportunistic and can utilize a range of closely related plant 
species for host plants (Scott, 1986; Grundel et al., 2000; Baz, 2002; Dennis et al., 2004; and 
Hardy et al., 2007).  Whether the butterflies are generalists or specialists, plants are an 
important resource defining aspects of habitat quality and influence the distribution of 
butterflies across the landscape (Tudar et al., 2004; and Dennis et al., 2006; Menendez et al., 
2007).   
 My research examined the temporal patterns of montane meadow butterfly 
communities within two regions of the GYE in relation to meadow moisture availability and 
quantity of floral and larval host plant resources.  Ninety species of butterflies have been 
observed during this work within the GYE montane meadow system since 1997.  This 
research contributes to the knowledge of butterfly community patterns and resource 
requirements.  This work identifies species of conservation concern relative to potential 
future landscape changes and provides a long-term perspective on butterfly community 
associations in a relatively pristine system with minimal anthropogenic disturbance (Patten, 
1991).   
Thesis Organization 
 This thesis presents results from a ten-year study within the GYE assembled into four 
chapters.  This chapter presents a general introduction of the different aspects of my thesis 
research as well as goals and importance of this work.  Chapter Two describes the butterfly 
associations with meadow type based on a naturally occurring moisture gradient.  I also 
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identify specific species of butterflies that are indicators for different meadow habitats that 
can be used to monitor meadow quality or as an umbrella species for conservation purposes.  
Chapter Three evaluates the relationship between flowering plant richness and abundance as 
a driver for butterfly abundance in meadow patches.  Chapter Four is a summary of 
conclusions for my thesis research.  There are four appendixes included at the end of the 
thesis.  The first appendix, Appendix A, contains a table of all the study sites and their 
locations given in UTM (Universal Transverse Mercator) coordinates with descriptive 
directions for finding each site.  It also contains maps for each study region with the location 
of each site.  Appendix B contains a list of butterfly species surveyed since 1997 by region 
and each species total abundance averaged over all surveyes for each region.  Appendix C 
contains code written in R for Chapter Two and Chapter Three statistical analyses.  Appendix 
D contains butterfly larval host plant information, including a list of host plants for each 
butterfly identified and a figure graphing raw data for host plant percent cover.  Appendix E 
includes a table for each region presenting raw data on butterfly abundance averaged by 
meadow type for each year the region was surveyed.   
 Jennet C. Caruthers is a graduate student in the interdepartmental program, Ecology 
and Evolutionary Biology and conducted two years of data collection, as well as data 
analysis and written preparation of this manuscript.  Dr. Diane Debinski, along with a 
number of other collaborators, organized this project in 1997 and has been involved in data 
collection each year except for 2001.  Dr. Debinski kept funding for this research available 
for its continuation and provided invaluable guidance and editorial advice over the course of 
this project.  Support for the statistical program R: a language and environment for statistical 
computing (R Development Core Team, 2007) was provided by Hadley Wickham, Diane 
Cook, and Phillip Dixon. 
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Figures 
 
 
a)       b) 
 
 
Figure 1.  Analysis of temperature by year for the (a) Northern Region of the GYE, Gallatin 
Region, and (b) Southern Region of the GYE, Teton Region, showing average daily 
temperature (oC) for each year averaged from recorded minimum and maximum daily 
temperatures.  The black line is the mean for the temperatures averaged for 1985-2007.  
Climate data was collected from the National Climate Data Center (NCDC).  One weather 
station was used to represent each region of the GYE, North and South.  For the Northern 
Region of the GYE, the weather station located in Big Sky, Montana was used (Cooperative 
Station ID #240775), and the Southern Region of the GYE was represented by the weather 
station located in Moran, Wyoming within the Teton National Park (Cooperative Station ID 
#486440).   
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a)       b) 
 
Figure 2.  Analysis of average mean daily precipitation (mm/day) for each year from 1985-
2007 for the (a) Northern Region of the GYE and (b) the Southern Region of the GYE.  The 
black line is the mean for daily precipitation averaged for 1985-2007.  The Northern Region 
representing parts of Yellowstone National Park was on record for the driest summer when 
the 1988 fires occurred.  Climate data were collected from the National Climate Data Center 
(NCDC).  One weather station was used to represent each region of the GYE, North and 
South.  For the Northern Region of the GYE, the weather station located in Big Sky, 
Montana was used (Cooperative Station ID #240775), and the Southern Region of the GYE 
was represented by the weather station located in Moran, Wyoming within the Teton 
National Park (Cooperative Station ID #486440).   
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CHAPTER TWO:  BUTTERFLY INDICATORS OF MONTANE MEADOWS 
ALONG A HYDROLOGICAL GRADIENT: RESPONSES FROM A SPATIAL AND 
TEMPORAL SCALE 
  
A paper to be submitted to Ecological Indicators 
Jennet C. Caruthers1, Diane M. Debinski2, and Hadley Whickam3 
1Interdepartmental Program in Ecology and Evolutionary Biology, Iowa State University, Ames, Iowa 50011 
USA 
2Department of Ecology, Evolution and Organismal Biology, Iowa State University, Ames, Iowa 50011 USA 
3Department of Statistics, Iowa State University, Ames, Iowa 50011 USA 
 
Abstract 
 Butterfly species have proven to be useful indicators of environmental change in 
many ecosystems.  Their tight association with plant communities and their sensitivity to 
microclimates can provide insight regarding changes in landscape or vegetative composition.  
Here we report on a study within two regions of the Greater Yellowstone Ecosystem 
(Gallatin and Teton) where butterflies have been surveyed in montane meadows along a 
hydrological gradient since 1997.  These data show that different butterfly species are 
specific to particular meadow types based upon levels of moisture availability.  We found 
that meadow type was significant in explaining butterfly community associations in both 
regions.  This hydrological relationship is also stable over time (1997-2007), with particular 
butterfly species consistently indicative of specific meadow types.  Six species of butterflies 
in the Gallatin region and eight species in the Teton region were identified as significantly 
associated with a specific meadow type over time.  The temporal trends, however, differed 
between regions.  Gallatin meadows, which are much smaller than Teton meadows, shifted 
away from the species composition of the Teton Region and towards a more unique Gallatin 
Region community.  Teton Region butterflies did not consistently move along any common 
trajectory.  The significance of the Gallatin Region’s butterfly community temporal trends 
suggests that all of the meadows are responding similarly to variables that are driving the 
shift.  This information is a valuable tool for conservation of montane meadows, and could 
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be useful in monitoring meadow changes due to climatic, anthropogenic, or natural changes 
in the landscape.   
Introduction 
 Most habitats are affected to at least some degree by anthropogenic changes (Kremen, 
1992).  Many studies of community assemblages, temporal patterns of community 
assemblages, and indicator species are typically developed for altered habitats.  Past research 
has been focused on how effects of fragmentation and habitat loss (Hill et al., 1995; Golden 
and Crist, 1999; Ulrich, 2005), pollution (New et al 1995; Aubert et al., 1996; Oostermeijer 
and van Swaay, 1998; Saarinen et al., 2003), and invasion of introduced species (Valtonen et 
al., 2006) influence local Lepidopteran species diversity patterns.  However, it is also 
imperative to understand how pristine communities change over time.  Without an 
understanding of baseline fluctuations, we cannot begin to understand the community 
changes within a deteriorated or restored habitat (Lawton and Gaston, 1989).  Here we 
discuss how butterfly communities within the pristine montane meadow habitats of the 
Greater Yellowstone Ecosystem (GYE) have changed over time.   
 Butterflies have been studied in many settings across the world at different scales 
both spatially and temporally and have a number of advantages as study organisms.  First, 
butterflies are a speciose taxon, easily identifiable to species, and occur in most terrestrial 
habitats around the world (Pollard, 1977; Thomas, 1983)).  Second, they have short 
generation times, providing a new community of individuals every year (Pollard, 1977).  
They are biologically significant both as herbivores and pollinators (Kremen, 1992).  Their 
association with the plant communities in both their adult and caterpillar life stages has made 
their association with plant communities reliable (Ehrlich and Raven, 1964; Gilbert and 
Smiley, 1978, Debinski et al., 2000).  This association can limit a butterfly species to a 
particular habitat type (Aubert et al., 1996).  Other biotic and abiotic variables that have been 
identified as drivers for butterfly distributions include habitat quality and connectivity, 
elevation, soil acidity, and solar insolation (Oostermeijer and van Swaay, 1998; Grundel and 
Pavlovic, 2006).  In this study, montane meadows were selected along a hydrologic gradient 
to test whether this gradient was predictable in describing distributions for specific butterfly 
associations within the GYE (e.g., Kremen, 1992; Oostermeijer and van Swaay, 1998; 
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Debinski et al., 2006).   The hydrological gradient represents different plant communities 
based on the soil water availability (Debinski et al., 2000).   
 Research on species-habitat associations is typically based on two or three years of 
supporting data. Conservation actions based on the findings from short-term studies can 
potentially misguide conservation efforts.   To understand species trajectories or transitional 
changes, longer time periods for studies must be considered (Lawton and Gaston, 1989; 
Kremen, 1992).  However, even with long-term data there are mixed results in the use of 
indicator species in conservation efforts (Maes et al., 2005; Gutierrez and Menendez, 2007).  
Indicator species can be context dependent (Hess et al., 2006), and can only be confidently 
used at the scale and within the geographical region where they have been tested 
(Oostermeijer and van Swaay, 1998).  The spatial and temporal scale in which studies are 
conducted can limit the findings and validity of indicator species assessments (Williamson, 
1987; Lawton and Gaston, 1989).  We suggest here that longer-term data, as well as different 
spatial scales, provide a more confident measure of the value of indicator species.   
Objectives 
 The objectives of this study were to 1) identify relationships between the butterfly 
communities and meadow types across two regions of the GYE, 2) examine temporal trends 
in these butterfly communities and 3) identify butterfly species that are indicators of specific 
meadow types based on levels of soil moisture. 
Methods 
Study Area 
 Although many factors have been linked to negative effects on butterfly communities, 
loss of suitable habitat due to anthropogenic changes has been recognized as possibly the 
most threatening factor for butterfly species persistence (Grill and Cleary, 2003).  The 
pristine nature and minimal human impacts in the Greater Yellowstone Ecosystem makes it 
an ideal location for studying the naturally varying degrees of habitat quality and its effects 
on butterfly communities. 
 The Greater Yellowstone Ecosystem was divided up into two different study regions, 
which will be hereafter referred to as the Gallatin Region and the Teton Region.  The 
Gallatin Region includes 30 sites within the Gallatin National Forest and the northwestern 
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portion of Yellowstone National Park in Montana.  The Teton Region includes 25 sites 
within the Grand Teton National Park and Bridger Teton National Forest in Wyoming.  The 
Gallatin and Teton regions are separated by 192 km, yet both have similar plant and butterfly 
communities (Su et al., 2004).   The meadows selected for the surveys in both regions are 
approximately at the same elevation with homogenous topographic features.  The average 
elevation of sites is 2098 m in the Gallatin Region, and 2120 m in the Teton Region.  The 
meadows range from 1-4800 ha, with an average meadow patch of 360 ha.  Six meadow 
types with distinct plant species were characterized, M1-M6, along a hydrologic gradient 
(hydric to xeric respectively) using satellite imagery (Jakubauskas et al., 1996).  The Gallatin 
Region has five replicates of each meadow type from M1-M6, and the Teton Region has five 
replicates of each meadow type except meadows characterized as M4, which are not 
represented in the Teton Region.  The meadows were defined as suitable for survey sites if 
they were within 8 km from a road or trail, a minimum of 100 m by 100 m and no more than 
2 km on a side, and at least 500 m from another meadow site (Debinski et al., 2001).   
Field Surveys 
 Field surveys were conducted primarily during June and July for two-week periods at 
each region, alternating between the two regions, with two surveys for each region completed 
by early August.  Surveys were done in this manner since 1997 and continued in both regions 
to the present time with a few exceptions.  The Gallatin Region was not surveyed in 1999, 
and 2002-2005.  The Teton Region was not surveyed in 1999 and 2002.  Sites were located 
in the field using written directions, topographic maps, and GPS coordinates to find the site 
marker stake within the meadow.  In 1997, within each meadow a direction from the stake 
was randomly selected for the placement of a 50m x 50m plot.  Since 1997 the same quadrant 
was measured and surveyed annually. Surveys were conducted on sunny days between the 
times 1000-1630 hrs when the temperature is above 70oF (21oC) with low to moderate wind.  
Surveys were twenty minutes long, with two people collecting the butterflies found within 
the plot.  Abundance data were collected by first netting the butterflies and then storing them 
in glassine envelopes.  Butterflies were then released at the end of the survey after the 
individual butterflies were identified to the species level or taken back to the lab as vouchers 
(either photo vouchers or collected specimens). 
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Data Analysis 
 To detect the relationship between butterfly composition and meadow type based on a 
hydrologic gradient, we used nonmetric multidimensional scaling (NMDS), an unconstrained 
ordination technique using the statistical software R (R Development Core Team, 2008).  
NMDS configures the points observed in the ordination plot based on species abundance 
data, and was plotted using the “qplot” function in the package ggplot2 (Wickham, 2008).  
Butterfly species with a total abundance over all years for either region that was less than 10 
individuals were eliminated from the analysis.  We used the Bray-Curtis distance metric to 
calculate the community similarities between meadow types for each year and region plotted.  
Data plotted in the ordination represents the summation of butterfly abundance by species 
across all meadow replicates for a year within one meadow type.  The Bray-Curtis index 
compares a pair of points (which represent all the replicates of a meadow type for one year) 
to see how many species they share in common compared to all the species that differ 
between them (Jongman et al., 1995; Summerville and Crist, 2003).  Abundance for each 
species also weighs into this distance value.  Points closer together on the ordination plot 
have more similar species compositions than those farther apart.  Function “metaMDS” from 
the vegan library with two dimensions was used for all NMDS ordinations (Oksanen et al., 
2008).  Stress from the metaMDS report was recorded and two dimensions were used.  We 
believe that two dimensions represented the variation between sites sufficiently showing the 
main differentiation, moisture, as the variable of interest driving butterfly community 
composition, and maintaing the ease of understand the plot in two-dimsional space.  The 
function “envfit” from the vegan library (Dixon, 2003) was used to test whether meadow 
type and year are significant in explaining the variation in the ordination using a random 
permutation test (10000 iterations).    
 Meadow type transitional trends over time were found by averaging the per year trend 
over all years.  Arrows were added to the ordination plots for each meadow type to show 
direction for the temporal trend over all years.  Teton and Gallatin Regions are both plotted 
on the same ordination so comparison between the regions can be made. 
 Species indicator analysis (SIA) (Dufrene and Legendre, 1997) was conducted for 
both regions using R and the package labdsv (Roberts, 2007).  Butterfly species with a total 
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abundance of less then 10 individuals over all years for either region were eliminated from 
the analysis, leaving 45 and 49 species for the Gallatin and Teton Region respectively for the 
analysis.  The SIA was run separately for each region for all years combined (Total) and 
significance was determined with an alpha of 0.01.  The SIA returns a p-value (generated 
from a permutation test iterated 1000 times) for each species, as well as an indicator value for 
the group (meadow type) that each species is most highly associated with.  Indicator values 
are determined based upon fidelity within sites in a single meadow type and relative 
frequency at the meadow types (Dufrene and Legendre, 1997).  Additionally, SIA was run 
for each year separately for each region to test for the consistency of species associations 
with a meadow type.  Butterfly indicators were selected based on the significance of their 
association with a meadow type for the SIA analysis from total years combined, and their 
consistent association with that meadow type for each individual year analyzed.   
Results 
Meadow Moisture Affinity 
 The Gallatin Region was surveyed for 6 years during 1997-2007, and the Teton 
Region for 9 years.  Seventy-six species of butterflies were surveyed and identified (Table 1), 
with 84% of those species common to both regions.  Twelve species were unique to each 
region.  Butterfly communities were significantly distinctive based on meadow type in both 
regions, p<0.001 (Table 2).  Although both regions share 84% of the same species, 
assemblages were different between regions.  Gallatin butterfly communities tightly 
associated with hydric meadows (M1-M2) shared more butterflies in common with Teton 
mesic M3 meadows than hydric meadows.  Teton M1 and M6 meadows are the most 
dissimilar to their Gallatin meadow type equivalents (Figure 1).  However, the Teton 
Region’s butterfly communities are more tightly associated with meadow type than the 
Gallatin Regions, R2 = 0.77, R2=0.506, respectively (Table 2, Figure 2).   
 Butterfly communities within a meadow type change from year to year and in the 
Gallatin Region butterfly communities within all meadow types are changing along the same 
trajectory.  Axis 1 of the ordinations represents the variation in butterfly community 
composition along the hydrologic gradient, while Axis 2 to represent the region differences 
in butterfly species composition.  Temporal trends show the Gallatin butterfly community to 
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be shifting over time away from the Teton Region (Figure 3).  This shift suggests that species 
composition along the hydrologic gradient is becoming more region-specific over time, and 
is driven by differences in species composition by meadow type between the two regions.  
Within the Gallatin Region, year was significant (p<0.001) in describing the butterfly 
community compositional patterns (Table 2).  The Teton butterfly community did not exhibit 
consistent temporal trends across meadow types (p =0.0746) (Table 2, Figure 3).  The 
differences between the two regions were exemplified by species Boloria frigga, Colias 
gigantea, and Callophyrys dumetorum, which occurred primarily in the Teton Region and 
species Phyciodes campestris and Speyeria atlantis hesperis, which occurred primarily in the 
Gallatin Region. 
Species Indicator Analysis 
 A total of 45 species were used for the analysis within the Gallatin Region and 49 for 
the Teton Region.  Abundance data were summed over all the years surveyed by region and 
analyzed for significant indicators based on meadow type.  Twenty-three species showed a 
significant relationship (alpha = 0.01) with a specific meadow type (M1-M6) for the Gallatin 
Region, and thirty-six for the Teton Region when analyzing all years combined (Table 3).  
Analysing species indicators for each year separately, six species in the Gallatin Region 
(Table 4) and eight in the Teton Region (Table 5) were consistently found to be an indicator 
for a meadow type.  Erebia epipsodea, Plebejus saepiolus, Cercyonis oetus, Lycaena 
heteronea, and Plebejus icarioides are butterfly species that were predictably found in one 
meadow type across the landscape, although they were found to be indicators for slightly 
different meadow types between regions (Tables 4 and 5).  Erebia epipsodea was found to be 
significant as an indicator for meadow type M2 for both regions.  This butterfly was present 
in other meadow types, but was found in highest abundance in M2 meadows in both regions 
(Figure 4).  Additionally, Plebejus saepiolus could be considered a strong indicator for 
hydric meadows, because it was in both meadow types M1 and M2 for both regions, but 
more indicative to meadow type M2 in the Teton Region.   
Discussion 
 We have shown that there are distinct butterfly community associations with each 
meadow type within the GYE meadow system.  The Gallatin and Teton Regions share 
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similar butterfly communities, although those butterfly communities do not necessarily 
distribute themselves along the hydrological gradient exactly the same way between regions.  
This might be partially due to the lack of meadow type 4 in the Teton Region.  The smaller 
number of meadow types across the moisture gradient may also explain why Teton Region 
butterfly communities are more specific to meadow type.  Finally, Teton butterfly meadow 
specificity might be influenced by edge effect differences between the two regions.  Gallatin 
Region meadows tend to be smaller (often on the order of a hectare) while Teton meadows 
tend to be larger on average, especially M1 and M6 meadow types (Debinski et al., 2001).  
These large meadows can support a larger butterfly community, whereas a landscape 
composed of smaller meadows may require butterflies to locate resources outside of its 
“preferred” meadow type (Schultz and Crone, 2001) thereby dispersing more frequently than 
in larger patches (Kareiva, 1985).  We found that M1 and M6 meadows in the Tetons were 
the most dissimilar to their equals in the Gallatin Region and the most specific within the 
Teton Region, based upon butterfly communities.  These meadow types are also some of the 
largest meadows in the system (Debinski et al., 2001).  This association has held up over nine 
years of surveying.  The Gallatin Region also showed significantly distinctive butterfly 
communities by meadow type.  However, butterfly communities within the Gallatin Region 
are not as tightly associated with meadow type as the Teton Region.  This result could, 
however, be influenced by the temporal trend found in Gallatin communitities. 
 Butterfly community temporal trends were also found to differ between regions.  
Gallatin Region butterflies for all meadow types shifted away from the species composition 
of the Teton Region and towards a more unique Gallatin Region community by meadow 
type.  Teton Region butterflies did not consistently move along any common trajectory 
(Figure 3).  The significance of the Gallatin Region’s butterfly community temporal trends 
suggests that all of the meadows are responding similarly to environmental variables that are 
driving the shift.  Species composition in the Gallatin Region, over time, is shifting away 
from the Teton Region, being pulled by species within each meadow type that differ in 
abundance or are unique to the Gallatin Region compared to the Teton Region meadows.  
Regional differences such as meadow size and connectivity may have contributed to the lack 
of the same temporal trend in the Teton Region as seen in the Gallatin Region.  Meadow area 
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in the Teton Region is significantly larger for M1 and M6 meadow types (Appendix A).  
Larger expanses of a single meadow type in the Teton Region decreases the connectivity of 
other montane meadows, as seen in the Gallatin Region, decreasing the dispersal of 
butterflies across the landscape (Baguette et al., 2003).  Local climate differences between 
the two regions may have influenced the changes in species composition in the Gallatin 
Region, shifting the communities along a trajectory that divided the two regions.  Larger 
meadows, like those in the Teton Region, with lower edge to area ratios may buffer 
environmentally-driven changes that may have driven the community shifts in the smaller, 
more connected meadow habitats in the Gallatin Region.  Regional climate differences show 
that the Gallatin Region is, on average, warmer and drier than the Teton Region over a 20 
year period of time (Chapter 1).  These differences, both abiotic and biotic, may be applying 
pressure differently between the two regions, influencing the community shits seen in our 
temporal analysis.   
 Six butterfly species in the Gallatin Region and eight in the Teton Region were found 
consistently to represent a meadow type.  Butterflies identified as indicators for both regions 
represented the same end of the hydrologic gradient (hydric, mesic or xeric) but not the same 
meadow type (M1-M6) across the landscape.  This also confirms the shift of species 
composition by meadow type between the two regions.  Only Erebia epipsodea was a 
significant and consistent indicator for meadow type M2 in both regions.  The Gallatin 
Region did not have a butterfly species whose indicator value was significant over multiple 
years for the M1 meadow type.  However, Plebejus saepiolus was found to be a good 
indicator for hydric meadows in general shifting between M1 and M2 meadow types over 
time.  The lower consistency for species in the Gallatin Region may be due to the temporal 
shift of butterfly composition.   
 The ability to use data over a decadal time span enabled us to compile a list of 
butterfly species that are good indicators overall with better confidence than shorter-term 
studies and added robustness to the indicator analysis.  The species identified as indicators 
for a specific meadow type were significant because they were found to be abundant and 
specific to that meadow type over all years and between years surveyed.   
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Conclusions 
 This analysis of distribution patterns of the butterfly community across meadow types 
within the GYE landscape provides a baseline understanding of current butterfly-habitat 
associations.  This information will provide important comparisons for monitoring future 
changes in this system.  The significance of the Gallatin Region’s temporal trend emphasizes 
how sensitive butterflies are to abiotic changes and differences between regions.  A more 
direct, causal link must now be identified between environmental changes and butterfly 
distribution patterns.  Future monitoring of butterfly indicators identified for these meadow 
types may provide insight into habitat change and how it may affect other species that utilize 
these meadow habitats.  Butterflies are not only important herbivores but are also valuable 
pollinators.  We have shown here that they can be used not only to indicate meadow type, but 
also temporal trends in montane meadow habitats.  
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Figure 1.  NMDS ordination showing species composition by meadow type shown as 1-6 in 
text, and Region by grayscale.  Each year of the survey is plotted as a summation of butterfly 
abundances over all the meadow replicates for each meadow type M1-M6 (M4 absent in the 
Teton Region).  Black text represents data from the Gallatin Region, and grey text represents 
the Teton Region.  Meadow type ranges from hydric meadows to xeric meadows, M1-M6 
respectively.  Separation of points is based upon Bray-Curtis distance.   
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Figure 2.  NMDS ordination using Bray-Curtis distance for the Gallatin and Teton Region.  
Each year is plotted for each meadow type.  Butterfly abundance across all species is 
summed over each meadow type replicate for a year for one point.  Scale is preserved from 
Figure 1, but plotted separately to see the relationship of butterfly communities within each 
region to meadow type. 
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Figure 3.  NMDS ordination using Bray-Curtis distance metric showing relationship of 
species composition and meadow type directional trend averaged across all years.  Base of 
arrow is at the first year of surveys in 1997 and the arrow is pointing in the direction of the 
mean of the following years within a meadow type, for each meadow type.  Meadow type is 
a summation of all the butterflies in all meadow type replicates for a year.  Meadow type is in 
gray scale from black to light gray for M1 to M6 respectively. 
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Figure 4.  NMDS Ordination using Bray-Curtis distance metric showing sites and years 
where Erebia epipsodea occurred in the highest abundance over both regions and all meadow 
types and years.  Each point represents a butterfly community summed over all sites within a 
meadow type for one year.  Size of meadow type symbol is based on total abundance (0-80). 
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Table 1.  Comparisons of survey information and butterfly species data between Gallatin 
Region and Teton Region.  Total #Species represents the total butterfly richness over all the 
years surveyed for each region, and #unique species represents the number of butterfly 
species that one region does not share with the other.  There were thirty sites surveyed each 
year in the Gallatin Region and 25 in the Teton Region.  The # of species used represents the 
number of species whose total abundance over all the survey years was 10 or more 
individuals.   
Categories Gallatins Tetons 
   
# Years Surveyed 6 9 
   
# of Sites 30 25 
   
Total #Species 76 76 
   
#Unique Species 12 12 
   
# of Species Used 45 49 
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Table 2.  Significance of year and meadow type on butterfly community composition for 
each region calculated based on a random permutation test iterated 10000 times.  Stress also 
reported for k=2 dimensions for an NMDS ordination using Bray-Curtis distance metric. 
 
  Ordination Year Moisture 
      
Region Stress R2 p-value R2 p-value 
 
 
    
Gallatin 25 0.1382 <0.001 0.506 <0.001 
Teton 22 0.0237 0.0746 0.77 <0.001 
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Table 3.  Number of species for each meadow type that are significant and non-significant as 
indicators for abundance summed over all the years by region.  The Gallatin Region has a 
total of 45 species excluding any species whose total abundance over all the sample years 
was less than 10 individuals.  The Teton Region has a total of 49 species with the same 
exclusions.  Gallatin region species abundance was summed over 6 years of survey data and 
the Teton region was summed over 9 years of survey data.  Significance was determined at 
an alpha equal to or less than 0.01. 
 
Region Meadow Type Significant Non-Significant 
   
M1 3 2 
   
M2 6 2 
   
M3 6 9 
   
M4 2 2 
   
M5 4 2 
   
Gallatin 
Region 
M6 2 5 
   
M1 5 1 
   
M2 5 1 
   
M3 12 6 
   
M5 7 3 
   
Teton 
Region 
M6 6 2 
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Table 4.  Indicator butterfly species for a specific meadow type (M1-M6) for the Gallatins 
Region and their associated p-values for each year at that meadow type.  NA was added to 
the cell for a species found to be an indicator for a different meadow type for a particular 
year and following the dash is the number referring to the meadow type for which it was an 
indicator.  All years is the p-value for the combined abundance over all sites for each species 
over all the years surveyed.  The p-value was determined from the species indicator analysis 
using a permutation test iterated 1000 times showing the probability of obtaining as high an 
indicator value as observed over the specified iterations.   
 
 
  p- values for indicator analysis by year 
Meadow 
Type 
Butterfly Species All Years 1997 1998 2000 2001 2006 2007 
         
M1-2 Plebejus saepiolus 0.001 0.256   0.031 0.019 0.036 0.076 0.504 
         
M2 Erebia epipsodea 0.001 NA-1   0.306 0.005 0.009 0.093 0.259 
         
M3 Phyciodes campestris 0.001 0.286 0.28  0.011 0.002 0.048 0.219 
         
M4 Plebejus icarioides 0.001 0.069   0.092 0.006 0.184 NA-6 0.062 
         
M5 Lycaena heteronea 0.003 0.035   0.572 0.292 NA-6 0.658 0.688 
         
M6 Cercyonis oetus 0.001 0.003   0.062 NA-5 0.005 0.056 0.033 
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Table 5.  Indicator butterfly species for specific meadow types (M1-M6, excluding M4) for 
the Teton Region and their associated p-values for each year at that meadow type.  NA 
represents a year that the species was not found to be an indicator for the specific meadow 
type and is followed by the meadow for which it was an indicator.  Blanks indicate an 
absence of that species from the surveys for those years.  All years is the p-value for the 
combined abundance over all sites for each species over all the years surveyed.  The p-value 
was determined from the species indicator analysis using a permutation test iterated 1000 
times showing the probability of obtaining as high an indicator value as observed over the 
specified iterations.   
 
   p- values for indicator analysis by year 
Meadow 
Type Butterfly Species  
All 
Years 1997 1998 2000 2001 2003 2004 2005 2006 2007 
            
M1 Boloria frigga 0.001 0.170 0.001 0.001 0.004 0.168  0.018 0.003 0.206 
            
M1 Boloria selene 0.001 0.082 0.333 0.061 0.005 NA-2 0.331 0.061 0.095  
            
M2 Erebia epipsodea 0.001 0.010 NA-3 0.001 0.001 0.011 0.098 0.009 0.012 0.082 
            
M2 Plebejus saepiolus 0.001 0.001 0.052 0.073 0.077 0.033 0.032 NA-3 0.028 NA-1 
            
M3 Speyeria mormonia 0.001 NA-5 0.043 0.010 0.021 0.062 0.144 0.339 0.051 NA-2 
            
M5 Cercyonis oetus 0.001 0.001 NA-3 0.019 0.025 0.011 0.015 0.019 0.098 0.375 
            
M5 Plebejus icarioides 0.001 0.001 0.001 0.023 0.001 0.005 0.009 0.001 0.001 0.001 
            
M6 Lycaena heteronea 0.001 NA-5 0.002 0.120 0.007 0.001 0.015 NA-5 0.002 0.015 
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Abstract 
 Habitat quality influences the overall community composition within a habitat patch.  
Resource availability similarly influences the perception of habitat quality for different 
organisms.  Butterfly communities seek out patches that contain multiple types of resources, 
including both food and structural resources.  Food resources include nectar and patches of 
host plants.  In this study we examine butterfly communities in meadows along a 
hydrological gradient to determine how they respond to varying degrees of 1) abundance of 
racemes and 2) richness of flowering plant species within a site, as well as 3) abundance of 
butterfly host plants.  The distribution of butterflies across our sites was affected by the 
meadow type based on moisture availability (p < 0.001), raceme abundance (p = 0.03), and 
host plant presence (p = 0.004), but the total area of the meadow did not significantly 
influence the results.  Richness of flowering plants was significantly higher in mesic 
meadows than all other meadow types.  While raceme abundance was a significant predictor 
of butterfly community composition across the hydrological gradient (p < 0.05) and butterfly 
abundance by site (p < 0.01), we found that flowering plant richness showed the strongest 
correlation with butterfly abundance (p < 0.001).    
Introduction 
 Butterflies utilize a wide range of resources to satisfy their biological requirements.  
Two of the requirements adult butterflies need include a food source, such as nectar, and a 
suitable host plant on which to lay their eggs.  Most butterflies are considered generalist or 
opportunistic nectar feeders (Scott, 1986; Grundel et al., 2000; Baz, 2002).  However, recent 
studies suggest that specializing for larval host-plant also tends towards specializing in adult 
nectar feeding (Dennis et al., 2004; Hardy et al., 2007).  When an organism is a specialist for 
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multiple resources, they can face the potential that the resources they require will not overlap 
sufficiently in time or space (Fred et al., 2006).  Because butterflies often have short flight 
periods as adults (approximately three weeks), the temporal window of resource availability 
can be very narrow (Calabrese et al., in press).  While butterflies require more than just 
nectar and larval host plants (other resources include roosts, thermoregulation sites, mate 
location sites, hibernation sites, etc.), these are two main resources that can influence the 
distribution of butterflies on the landscape (Tudor et al., 2004) and may be good measures of 
habitat quality (Dennis et al., 2006).  Defining specific measures of habitat quality can help 
in developing conservation programs and management goals for both butterflies and their 
habitat.   
 Not all butterflies use nectar exclusively as their energy source.  Some butterflies can 
use mud puddles, dung, sap, fruit, pollen, carrion, and other sources for their energetic 
requirements (Gilbert, 1972; Boggs et al., 1991; DeVries et al., 1997; Beck et al., 1999; 
Fischer et al., 2004).  However, for butterflies that live in open environments, nectar is their 
primary source of energy (Romeis et al., 2000).  Not all flowers are of equal value.  Plants 
produce different quantities and quality of nectar and some flowers are not good nectar 
sources for adult butterflies (Baz, 2002; Anderson et al., 2002; Tudor et al., 2005).  Flower 
color may be an important attractant as well (Andersson et al., 2002).  Some butterfly species 
in the family Lycaenidae nectar on yellow and white composites more than any other color of 
flower regardless of abundance (Grundel, 2000).  Other preferences have been found 
between sexes within a species.  For example, a male may utilize more elevated flowers 
while searching for mates, while the females prefer low lying species of flowers for cover 
(Baz, 2002).  These behavioral differences can lead to different sexes within a species using a 
different but overlapping set of flowers for nectar (Grundel, 2000).  Butterfly distribution 
patterns are thus at least partially driven by the spatial arrangement of flowers and the 
butterflies association with habitat type.   
 Adult butterflies often lay their eggs on or nearby the larval host plant to ensure a 
food source for the next generation.  Host plants can include a wide range of plants in 
different families or one specific species depending on the butterfly species.  Many plants 
contain chemicals that can be toxic to butterflies and would prohibit the development of the 
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larva if hatched on this improper food source.  However, many butterfly species have 
developed resistance, and in some cases, use the chemical metabolites their host plants 
posess as chemical defenses against predators such as birds (Brower et al., 1964).  
Phytophagous insects, like butterflies, are thought to have coevolved with their larval host 
plants, and thus adapted to the host plant chemistry (Wahlberg, 2001).  Closely related 
butterflies tend to use closely related host plants (Ehrlich et al., 1964; Janz et al., 1998; 
Wahlberg, 2001).  Non-host plants can present a mechanical problem (sharply toothed leaves 
for example), chemical deterrent, or both conditions, rendering the plant unsuitable for 
consumption by the larva (Ehrlich et al., 1964; Janz et al., 1998).  Butterfly larva can in some 
cases utilize novel host plants that share similar chemical and physical properties as those of 
their original host plants, or they can re-specialize with an ancestral host plant (Weingartner 
et al., 2006).  The increase of exotic plants in most habitats also provides butterflies with new 
host plant opportunities (Graves et al., 2003).  New host plants can extend the geographical 
range of a butterfly, as well as release resource pressures in low quality habitats (Graves et 
al., 2003; Weingartner et al., 2006).   
 In this paper we assess the responsiveness of the butterfly meadow community to 
meadow size, as well as abundance and richness of host plants and floral resources (racemes) 
within meadow patches along a hydrologic gradient.  We assume that availability of flowers 
and host plants are important resources that affect the distribution of meadow butterfly 
communities.  The size of a meadow as well as meadow type, based on soil moisture 
availability, also affects the amount of resources available to a local community of 
butterflies.  We hypothesize that meadows with higher numbers of racemes and host plants 
will support higher numbers of butterflies.  We also predict that the meadow’s area may 
affect the relationships identified between butterflies and both nectar and host plants.  For 
community level responses, we expect larger meadows should contain proportionally more 
resources than smaller meadows and, as such, butterflies may be less likely to leave large 
meadows.  Therefore, large meadows may have a more distinctive butterfly community than 
smaller meadows where dispersal is expected (Root, 1973).  For species level responses, we 
expect the butterfly and host plant cover relationship to be weakened in meadows which are 
large relative to the survey plot.  In larger meadows there is a greater chance that resources 
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will be located outside of the survey plot.  Because butterflies diffuse over the entire 
meadow, this may decrease the chances of finding a significant relationship between 
butterfly abundance and host plant percent cover.  However, in meadows where the survey 
plot encompasses most of the available habitat, butterflies using resources in the meadow are 
more likely to be within the plot.   
Methods 
Study Area 
 There are many factors that have been identified to have a negative effect on butterfly 
communities.  Loss of suitable habitat due to anthropogenic changes has been recognized as 
possibly the most threatening factor for butterfly species persistence (Grill and Cleary, 2003).  
Thus, the pristine nature and minimal human impacts of our research site in the Greater 
Yellowstone Ecosystem make it an ideal location for studying the naturally varying degrees 
of habitat quality and their effects on butterfly communities. 
 The Greater Yellowstone Ecosystem was divided up into two different study regions, 
which will be referred to as the Gallatin Region and the Teton Region.  The “Gallatin 
Region” includes 30 sites within the Gallatin National Forest and the northwestern portion of 
Yellowstone National Park in Montana.  The “Teton Region” has 25 sites within the Grand 
Teton National Park and Bridger Teton National Forest in Wyoming.  The Gallatin and Teton 
regions are separated by 192 km, yet both have similar plant and butterfly communities (Su 
et al., 2004).  The meadows selected for surveys in both regions are approximately at the 
same elevation with homogenous topographic features.  The average elevation for the 
Gallatin Region meadows is 2098 m, and 2120 m in the Teton region.  The meadows range 
from 1-4800 ha, with an average meadow patch size of 360 ha.  Six meadow types with 
distinct plant species were characterized, M1-M6, along a hydrologic gradient (hydric to 
xeric, respectively) using satellite imagery (Jakubauskas et al., 1996).  The Gallatin Region 
has five replicates of each meadow type from M1-M6, and the Teton region has five 
replicates of each meadow type except meadows characterized as M4, which are not 
represented in the Teton Region.  The meadows were characterized as suitable for survey 
sites if they were within 8 km from a road or trail, a minimum of 100 m x 100 m, no more 
than 2 km on a side, and at least 500 m from another meadow site (Debinski et al., 2001).   
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Field Survey 
 Annual field surveys were conducted primarily during June and July for two week 
periods at each region alternating between the two regions, with two surveys for each region 
completed by early August.  Surveys have been done in this manner since 1997 and have 
continued in both regions to the present time with minor exceptions.  The Gallatin Region 
was not surveyed in 1999 and 2002-2005.  The Teton Region was not surveyed for the years 
1999 and 2002.  Sites are located in the field using written directions, topographic maps, and 
GPS coordinates.  In 1997, within each meadow one of four cardinal directions was 
randomly selected for the placement of a 50 m x 50 m plot.  Since 1997, the same quadrant 
was measured and surveyed annually. Surveys were conducted on sunny days when the 
temperature was above 70oF (21oC) with low to moderate wind.  The survey lasted twenty 
minutes with two people collecting the butterflies found within the plot.  Abundance data 
were collected by netting the butterflies, which were placed in glassine envelopes and then 
released at the end of the survey after the individual butterflies were identified to the species 
level. 
 At each of the 55 study sites, vegetation was surveyed once per season in the middle 
of the growing season (July) in 20 m x 20 m plots.  Each plot was marked with stakes to 
facilitate relocation.  Cover estimates to 1% resolution were made for all forb species in each 
plot for the 1997, 1998, and 2001 surveys.  These surveys were repeated in 2006 and 2007 
focusing on estimates of cover for the ten most common forbs.  Cover was also estimated for 
bare ground, graminoids as a class, woody vegetation as a class, and specifically for sage 
(Artemisia) and willows (Salix).  Floral resources were quantified to estimate nectar only in 
2007 for the first butterfly survey (June) for both regions, by counting the number of racemes 
of all plant species with flowers along a 1 m wide transect positioned diagonally across the 
50 m x 50 m butterfly survey plot.  Raceme abundance was counted as the number of plant 
stems within the survey that contained at least one open flower and flowering plant richness 
was the number of species of plants from which the racemes were counted.  The nectar 
surveys were conducted on the same days as the butterfly surveys for each meadow.   
 Meadow area was determined using ARCGIS from Landsat-based GIS meadow maps 
created in 1997, which categorized all meadows on the moisture scale M1-M6 (Debinski et 
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al., 1999).  Each classified meadow represents a homogenous polygon in GIS, whose area 
can be calculated.  The UTM coordinates for each of our sites was used to digitally locate our 
meadows on the map and record the calculated area.   
Data Analysis 
 Our butterfly data spans 1997-2007.  However our host plant and floral data were 
only collected in a subset of these years.  Thus, our statistical tests were based upon a subset 
of these data.  Floral resource data were collected for June 2007.  Host plant data were 
collected during July surveys for 1997, 1998, 2001, 2006, and 2007.  Analysis of butterfly 
responses to flowering plant richness and raceme abundance within a site is based upon 
Gallatin Region data from 2007 (our access to 6 of the hydric Teton meadows was limited in 
2007 due to grizzly bear closures).  Analysis of butterfly responses to host plant abundance 
within a site is based upon data from 1997, 1998, 2001, 2006, and 2007 in both regions.   
 To assess correlations between both abundance and richness of butterflies and 
racemes, we calculated Spearman’s rank correlations and summary statistics using R (R 
Development Core Team, 2007).  This analysis was done across all sites within the Gallatin 
Region (n=30) for the June survey in 2007.  The function “rcorr” from the package Hmisc 
(Harrell, 2007) was used to calculate the Spearman’s rho rank correlations and significance 
levels.  Spearman’s rank correlation is a non-parametric measure for correlation that 
describes the relationship between two variables, without the assumption of a linear 
relationship.  Significance values are approximated using the t or f distribution associated 
with this function in R.   
 To detect the relationship between butterfly composition and meadow type, we used 
nonmetric multidimensional scaling (NMDS), an unconstrained ordination technique using 
the statistical software R (R Development Core Team, 2008).  NMDS configures the points 
observed in the ordination plot based on species abundance data.  The NMDS ordination was 
calculated using the “metaMDS” function in the vegan library for two dimensions (k=2) 
(Oksanen et al., 2008).  The function “envfit” (Dixon, 2003) also from the vegan library was 
used to add arrows to the ordination to show how meadow type, raceme abundance and 
richness, as well as host plant abundance and meadow area contributed in explaining 
variation in the butterfly community across meadow type.  Using the same function (envfit), 
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each of these variables was randomly permutated for 10000 iterations to test if the permuted 
values would yield a higher degree of fit than the true variables.   
 Each site, by meadow type, from the Gallatin Region was plotted comparing 
flowering plant richness and butterfly abundance for the June 2007 survey.  We used linear 
regression to fit a linear trend between flowering plant richness and butterfly abundance by 
each meadow type (which includes five sites each) and then for all sites combined.  One 
outlier site was excluded from the linear regression, leaving 29 sites for comparison, and only 
four replicated sites for the M2 meadow type category.  The excluded site was an outlier 
because the total number of butterflies caught at this site (50) was over double the average 
number of butterflies caught per survey (24) from the other 29 sites.  We should note that this 
site fit the overall trend, but at a much higher slope than the remaining points. 
 Host plant information for each butterfly was collected from multiple sources 
(Glassberg, 2001; Debinski and Pritchard, 2002; Brock and Kaufman, 2003).  Butterflies that 
used only one genus of larval host plants, and whose host plants were surveyed for all five 
years, were included in the analysis.  The butterfly Euphydryas gillettii fit these criteria but 
was never found in the same site as a larval host plant, so it was also excluded from the 
analysis.  Host plant cover estimates were log transformed and then plotted against butterfly 
abundance by meadow type using R.  Graphical outputs were created using R and the 
package ggplot2 (Wickham, 2008).  Butterfly abundance was plotted against host plant 
percent cover.  Area of each meadow was then taken into account by adjusting the size of the 
point by meadow and then plotting butterfly abundance against host plant abundance to test 
for a relationship for meadow size.   
Results 
Floral Resources 
 Patterns within racemes and butterflies varied among Gallatin Region sites and across 
meadow types along the moisture gradient (Table 1).  Flowering plant richness (rho = 0.64, 
p= 0.001) and abundance of racemes were significantly correlated with butterfly abundance 
(rho = 0.42, p = 0.023) (Table 2).  As might be expected, raceme abundance and flowering 
plant richness were also significantly correlated (p < 0.001).  Butterfly abundance increased 
linearly as flowering plant richness increased across all meadow types (R2 = 0.43, p < 0.001), 
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however, out of all six meadow types, M6 sites in the Gallatins fit this trend least (Figure 1).  
Butterfly abundance in M3 sites was significantly greater than the xeric M5 and M6 sites, 
and flowering plant richness was significantly greater in both M3 and M4 sites than all the 
other meadow types (Figure 2).  Butterfly richness did not respond to either flowering plant 
richness or raceme abundance (Table 2) even though butterfly richness is significantly 
correlated with butterfly abundance (p = 0.0015).   
Host Plant Resources 
 Eighty-five species of butterflies have been observed between the two regions since 
1997 (Table 3).  Out of this total, 69% of the species use host plants within one family of 
plants and only 12% of the total species have host plants within a single genus of plants that 
grow within the meadow environments of the GYE.  We compared butterfly abundance for 
six butterfly species that are host plant specialists to host plant percent cover.  There was no 
linear correlation between host plant abundance and butterfly abundance (Figure 3).  
Abundance of butterflies increased in meadows even with a low percent cover of their host 
plants.  Area of meadow likewise did not affect the relationship between host plant percent 
cover and butterfly abundance (Figure 4).   
Moisture Gradient Response 
 Butterfly community composition showed a significant relationship with meadow 
type, ramet abundance and host plant cover (based on surveys in June 2007 within the 
Gallatin Region) (Figure 5).  Even though host plant percent cover was not significantly 
correlated with butterfly abundance, host plant percent cover was significant in explaining 
the distribution of butterfly species across the moisture gradient.  We should note that this 
relationship between host plant percent cover and butterfly distribution represents a 
relationship for all butterfly species observed, not just the butterfly species associated with 
particular host plants.  Host plant percent cover was greatest in hydric meadows and may 
have been driven by high percent cover of the host plant Salix found only in hydric meadows 
and low percent cover for other host plants in this study.  Raceme abundance was greatest in 
mesic meadows (Table 1) and more significant in explaining butterfly community 
distributions across the meadow types (p = 0.03) than flowering plant richness (p = 0.09) 
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(Figure 5).  Area of the meadow was not a significant factor driving butterfly composition 
across the moisture gradient (Figure 5). 
Discussion 
 Raceme abundance and flowering plant richness showed different trends in 
explaining butterfly community composition, abundance and richness trends.  When 
comparing butterfly abundance to flowering plant richness and raceme abundance, both were 
significant across all meadow types (Table 2, Figure 2), however raceme abundance was 
more important in explaining the variation of butterfly species composition distributed across 
the moisture gradient (Figure 5).  Flowering plant richness was significantly higher in M3 
and M4 meadow types, but was relatively consistent for the remainder of the meadow types, 
which might have contributed to the lack of significance between flowering plant richness 
and butterfly composition across the moisture gradient.  The abundance of racemes, on the 
other hand, had a very large range of observations for any one given site (Table 1) even with 
fairly consistent flowering plant richness.   
 In the floral resource analysis, we used raceme abundance as a substitute for 
measuring nectar.  While plant species differ in nectar quantity and quality, a single raceme 
also differs in the number of flowers per stem by species of plant (Baz, 2002; Anderson et al., 
2002; Tudor et al., 2005).  Some of this variability contributes to the wide range of values 
observed for raceme abundance across sites.  The high abundance of floral resources in these 
meadows may have operated more as an attractant for butterflies rather than providing an 
accurate representation of nectar resources available.  Due to the measurements 
shortcomings, flowering plant richness may prove to be a more reliable measure for butterfly 
abundance than raceme abundance.  However, using raceme abundance we were able to 
identify trends in the data that were consistent with other studies (Matter and Roland, 2002; 
Fleishman et al., 2005; Hardy et al., 2007). 
 Conservation efforts typically try to preserve diversity in an attempt to maintain 
ecosystem function and stability (Westman, 1990; Walker, 1995).  However, in this study 
neither raceme abundance nor flowering plant richness correlated significantly with butterfly 
richness (Table 2).  While we recognize that richness is an important aspect, butterfly 
richness was fairly consistent across all meadow types over time (mean = 24 species of 
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butterflies across 6 meadow types over 6 years with a standard deviation = 4.86) and thus did 
not correlate with variation in floral resource differences found between meadow types.  In 
our case, we care about butterfly abundance because it significantly correlated with butterfly 
richness within these montane meadows (p < 0.01), providing the premise that we can 
preserve abundance and still maintain diversity. Therefore we focused on the relationship 
between butterfly abundance and meadow resources. 
 Since butterflies are phtophagous, we expected a strong relationship between host 
plants and butterflies (Dennis et al., 2004).  However, our data did not support this 
expectation.  Host plant cover was not significantly correlated with butterfly abundance 
(Figure 3) at the scale at which we measured this relationship.  While host plant cover 
significantly explained butterfly community composition across the moisture gradient, this 
analysis was not robust to direct effects of host plant availability to particular butterfly 
species.  In addition, high abundance of host plant cover in hydric meadows in relation to 
other host plants may have driven the trend, suggesting more of an artifact than a biological 
relationship between butterfly composition and host plant percent cover.  Other studies have 
similarly found a lack of a relationship (Sharp, et al., 1974).  Most of the host plants that 
were used by butterflies within our criteria did not have a high abundance in any meadow, 
except for Salix which had a large percent cover in hydric meadows and Eriogonum, to a 
lesser degree, in xeric meadows.  Butterfly abundance fluctuated among years regardless of 
consistently low percent cover of host plants.  Likewise, butterfly abundance did not seem to 
increase in response to high percent cover of the host plant Salix in hydric meadows.   
 Identifying all possible host plants as a measure of habitat quality at the community 
level is a more indirect measure of habitat quality that emphasizes the responses of butterfly 
generalists.  It also assumes, perhaps incorrectly, that abundance or density is a good 
indicator of habitat quality (van Horne, 1983).  Specialists would not find the habitat as 
suitable and habitat managed for these criteria could potentially support lower diversity of 
butterflies.  Instead, we directly measured host plant availability at the level of individual 
butterfly specialists to increase the resolution at which we identify high quality habitat.  
However, the host plant butterfly assessment was not very robust because of the limited 
number of specialist butterfly species that use a single genus of host plant.  A species of 
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butterfly in the genus Callophyrys was eliminated from the final analysis because the 
butterfly’s flight time is ending when we begin our surveys.  Euphydryas gillettii was 
eliminated because its occurrence in our sites did not overlap with sites where its host plant, 
Lonicera involocrata, was found in the survey.  Lycaena nivalis was removed from the 
analysis because its host plants within the genus Polygonum, was not surveyed in 2006 and 
2007 (Figure 3).  Two butterflies in the genus Phyciodes were only identified early in the 
study, therefore not included in the analysis.  The lack of the Phyciodes species in later years 
could have been due to a decline in their population within our sites or challenges with 
identification.  Species categorizations within this genus have been revised more than once 
during the past decade.  Sixty-nine percent of all species identified in our surveys since 1997 
use host plants within multiple genera of plants.  This ability to use different host plants 
weakens our ability to use host plant cover as a method of measuring meadow quality.  The 
richness of the meadow’s plant community could be more informative as a measure of 
habitat quality. 
 Host plant percent cover may not be a limiting resource for butterflies, even including 
butterfly specialists that utilize a narrow array of plants for larval resources.  While host plant 
percent cover for some genera of plants in our surveys remained low, other sub-optimal adult 
resources may be of greater importance (Field et al., 2006).  While no relationship was 
obvious between butterfly abundance and its respective larval host plant percent cover, the 
threshold may not be detectable at the level at which we surveyed.  Butterfly abundance 
correlations with host plants might only be detected with our methods if host plants are at 
very low percent cover and butterflies are at higher densities.  This scenario was not relevant 
to the butterfly specialists in our surveys, but would force host plants to become the limiting 
resource.  As a limiting resource, competition dynamics among butterflies, which we 
perceive as negligible (personal observation), may be introduced to the system, affecting the 
behavioral distribution patterns observed.  This limitation would be strengthened when host 
plant species are resources to multiple species of butterflies (this occurs rarely in our system).  
Further, effects of limited host plant resources may not be observable in terms of butterfly 
abundance until after a time lag that could extend several generations (Boggs and Feeman, 
2005). 
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 Root (1973) proposed a resource concentration hypothesis, which predicts that larger 
areas will contain greater densities of insects responding to a greater amount of resources 
available with an increase in patch size (Connor et al., 2000).  There is also a greater 
probability for insects to find larger patches and a lower probability that the insects will leave 
larger patches.  However, another hypothesis, the risk-spreading movement behavior, 
proposed by Fahrig and Jonsen (1998) states that organisms that risk more in leaving small 
patches than by staying will show a negative relationship between patch size and organism 
density.  While this hypothesis was postulated for predation risks, it may also apply to 
species in our analysis.  If butterflies avoid leaving small patches because of low mobility 
and host plant specialization, an inverse area effect would be introduced.   
It may be possible that host plants were in large enough numbers to support the 
abundance of their associated butterfly species within the meadow.  However, host plants 
were not abundant within our sampling sites, which consist of anywhere from 24% to less 
than 0.01% of the meadows entire area (mean = 359 ha).  The low percent cover of these host 
plants suggests a more patchy distribution and may have influenced the risk-spreading 
movement behavior.  We would therefore predict that sampling sites within smaller meadows 
may show a greater abundance per unit area of these butterfly specialists.  In larger meadows 
researchers have a higher chance of missing some of the host plant patches in the sampling 
plot.  However, after analyzing the relationship between host plant and butterfly abundance, 
taking into account meadow size, there was still no correlation between butterfly and host 
plant abundance found within smaller meadows (Figure 4).  This may be due to the fact that 
we selected meadows to be relatively homogenous based upon the plant community.  In 
addition the butterfly community as a whole showed a positive relationship between butterfly 
abundance and meadow size.   
 When sufficient overlap between floral and host plant resources is not met, adult 
butterflies must allocate their efforts to meet their needs (Fred, et al., 2006).  Many butterflies 
may be using multiple habitat patches within the landscape mosaic to meet all their adult 
needs because of limited host plant abundance in our sites.  Thus, careful consideration 
should be made to characterize habitat quality for butterflies based on these various factors 
(host plant availability, meadow type, richness and raceme abundance of flowering plants).   
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Conclusions 
 While both nectar and host plants are important resources for adult butterflies, the 
complex behavior of butterflies makes developing a measure for habitat quality that fits a 
community difficult.  Butterflies associated with the montane meadows of the GYE do not 
seem to exist solely within one habitat patch, but instead may be seeking out additional 
patches to get all their resources.  Both the number of racemes as well as richness of 
flowering plants was positively correlated with butterfly abundance.  Butterfly ability to use 
multiple host plants may be the reason why a rich butterfly community can be supported 
within these different meadow environments without what would seem to be sufficient 
overlap in resources.   
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Figures and Tables 
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Figure 1.  Comparison of flowering plant richness with butterfly abundance for all sites (a) 
and by meadow moisture type (b) across the Gallatin Region for June 2007 data.  (a) The 
fitted linear trend line shows the relationship for 29 sites, excluding one outlier site shown as 
a solid triangle (n=29, R2=0.4317, p<0.001).  The linear trend including the outlier site (n= 
30 sites) was less significant than when the site was excluded (R2=0.334, p=0.02).  (b) Trend 
lines for each meadow type are composed of five sites for each meadow type except the M2 
category which excludes the outlier and the trend line is fitted for 4 sites.  (M1 R2=0.663, M2 
R2=0.549, M3 R2=0.289, M4 R2=0.796, M5 R2=0.939, M6 R2= 0.3112) 
a 
b 
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Figure 2.  Relationship between butterfly abundance and flowering plant richness by 
meadow type (M1-M6) for Gallatin Region June 2007.  Bars represent mean and standard 
error of the five meadow replicates averaged for each meadow type. 
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Figure 3.  Comparison of host plant percent cover and butterfly abundance for six butterfly 
species that use host plants within a single genus of plants.  Each point represents a site 
surveyed between 1997 and 2007.  Each repetition is also being represented as a survey point 
on the figure, and both Gallatin and Teton regions are plotted. 
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Figure 4.  Butterfly abundance and host plant percent cover relationships.  The six butterflies 
are the species with the most complete data sets that have host plants within only one genus 
of plants.  The diameter of the point reflects the total square meters of the meadow the site is 
located within.  Each point represents one site and replicates with each year are not summed 
but represented by separate points.  Data for butterflies and host plants comes from surveys 
done in 1997, 1998, 2001, 2006 and 2007 for both Gallatin and Teton Regions.  Points that 
overlap are slightly offset.   
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Figure 5.  NMDS ordination for butterfly communities in the Gallatin Region for June 2007 
(stress = 19.4).  Moisture refers to the meadow moisture type (M1-M6), hostplant refers to 
the percent cover for genus Eriogonum, Lupinus, Salix, and Sedum found within each site, 
and area represents the total area of the meadow within each site is located.  Also plotted is 
raceme abundance measured per site and flowering plant richness labeled as raceme richness, 
which refers to the number of species of flowering plants surveyed.  Text not associated with 
lines indicates position of sites in relation to butterfly community composition determined by 
Bray-Curtis distance metric. The site codes are made up of first a “G” which refers to the 
Gallatin Region, then the meadow type M1-M6, and last the letter refers to the replicates 
within a meadow type A-E.  Host plant percent cover, raceme abundance and meadow 
moisture type were all found to significantly contribute to the relationship found between the 
butterfly community and meadow site (p = 0.004, p = 0.03, and p = 0.0002 respectively).  
Flowering plant richness (p = 0.09) and area (p = 0.99) did not significantly contribute to this 
relationship.  P-values where found using a random permutation test iterated 10000 times.   
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Table 1.  Summary statistics for raceme and butterfly richness and abundance by meadow type and all meadows in the Gallatin 
Region in June 2007.  Richness is measured as the total number of species within each taxa across all sites.  Abundance is based 
upon 1 m x 71 m surveys for flowering ramets and 50 m x 50 m surveys for butterflies summed across sites. 
 
 
 
 
 
 
 
 
 
 
 
 
Flowering Plant Richness Butterfly Richness Raceme Abundance Butterfly Abundance 
Meadow Type (n) 
Mean (SD) Min-Max Mean (SD) Min-Max Mean (SD) Min-Max Mean (SD) Min-Max 
M1 (5) 10.2  (4.49)  3-14    8.6  (3.13) 6-14   466.2 (328.85)   24-892  21.4(13.43) 10-37 
          
M2 (5)   9.4  (6.66)  0-15    9.6  (5.41)  4-18   449.6 (349.60)    0-785  31.2(13.81) 12-50 
         
M3 (5) 14.6  (3.91)  8-18    8.8  (2.59)  5-12   906.6 (433.60)  209-1299 29.8 (6.14) 21-36 
         
M4 (5) 15.4  (4.72)  8-21   7.4  (2.30)  5-11   832.2 (496.61)  235-1386 25.8 (5.54) 17-31 
         
M5 (5) 10.6  (4.72)  6-18   7.0  (2.55)  5-11     587.8 (470.40)  129-1152 21.2 (5.54) 15-30 
         
M6 (5) 10.8  (1.10) 10-12   7.2  (2.05) 4-9    555.8 (284.66) 217-888 20.0 (9.00) 15-36 
         
All Meadows (30) 11.8  (4.77)  0-21   8.1  (3.08)  4-18   633.0 (406.38)      0-1386 24.9 (9.79) 18-50 
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Table 2.  Cross-taxon and within-taxon species correlationsb between racemes and butterflies 
for both richnessa and abundance comparisons. 
 
Comparison and Variables Species Correlationsb P-value 
Butterfly Richness   
   
     vs. Raceme Richness 0.3    0.12 
   
     vs. Raceme Abundance  -0.02 0.9 
   
Butterfly Abundance   
   
     vs. Raceme Richness   0.64  < 0.001 
   
     vs. Raceme Abundance   0.42     0.023 
 a Richness is the total number of species surveyed in each meadow site. 
 b
 Spearman rho 
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Table 3.  Total number of butterfly species identified within surveys for 1997, 1998, 2001, 
2006 and 2007 July data and number of butterfly species that have host plants within more 
than one family, or host plants within a single plant family.  Subsets indicate the number of 
butterflies with host plants within a single genus and are further broken down by primary 
habitat of host plant (forests or meadows).    
 
Category Totals 
Total Number of Butterfly Species 85 
  
Species with Multiple Host Plant Families 26 
  
Species with Single Host Plant Family 59 
  
       Species with One Genus of Host Plant 26 
  
               Forest Habitat 16 
  
               Meadow Habitat 10 
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CHAPTER FOUR:  GENERAL CONCLUSIONS 
 Butterflies have been recognized as important organisms for identifying 
environmental changes.  Studies over multiple decades in Europe on butterfly compositional 
changes have highlighted this taxon for its use as an indicator organism.  Butterflies are also 
aesthetically pleasing, enabling scientists to reach out and involve the general public in 
conservation efforts, educating people on their role in natural systems.  Butterfly sensitivity 
to gradients of habitat types across the landscape are reflected in their community 
distributions.  We have shown that the butterflies within the pristine environment of the GYE 
are no exception.  Understanding how butterflies are responding to natural changes in the 
landscape is important as scientists assess fragmentation of habitats worldwide caused by 
human sprawl.   
 I have attempted to better understand how habitat characteristics influence the 
structure of butterfly communities at varying scales, from a meadow with specific plant 
communities and hydrology to habitats across multiple gradients within a landscape.  Also, I 
have identified species of butterflies that are characteristic of these different types of habitats 
to use as a conservation tool.  Natural and anthropogenic changes are inevitable, but this and 
other research will provide the biological information that will help preserve biodiversity.   
 The results of our studies show that low elevation (2100 m) montane meadow 
butterfly communities are highly specific to meadow habitats along a hydrological gradient.  
Moisture is a driver for compositional changes and influences the distribution of butterflies 
across the landscape.  Butterfly communities showed a high specificity to these meadow 
types across a period of ten years, with noticeable directional trends across all meadow types 
within the Gallatin Region.  This directional trend showed an increasing difference between 
butterfly community composition by meadow type between the two regions over time.  The 
different patterns observed between regions indicate that even within the same landscape, 
and the same community of organisms, local patch-related differences can cause different 
responses.  Differences in habitat area, connectivity, gradients, and abiotic factors such as 
local climate may play important roles in defining the patterns we see between the Gallatin 
and Teton Region butterfly communities.  Management for the organisms and the habitat 
they require thus needs to be regionally specific to account for differences across larger 
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scales.  We also showed, with data over a ten year period, that tight association of butterflies 
to different meadow types can be used to find biological indicators to help define a 
landscape’s habitat mosaic based on its biota.   
 Our study also examined potential changes in resources across these meadows and 
how the spatial distribution of resources may be affecting the butterfly community 
compositional changes over time.  We showed that counting flowering racemes was a 
sufficient method to quantify availability of nectar resources for species that are opportunistic 
or generalists.  We also showed that the richness of floral resources may be a more reliable 
measure for butterfly abundance than the abundance of racemes present.  However, total 
butterfly abundance across all species was significantly correlated with both raceme richness 
and abundance.  We also explored the relationship between host plant percent cover to the 
abundance of its butterfly hosts.  However, this proved to be less reliable as a measure for 
habitat quality, possibly due to the dispersal ability of butterflies, or as an effect that we 
could not measure due to our surveying methods.  When floral and larval host plant resources 
do not co-occur within the same patch, organisms are required to disperse in search of these 
resources, affecting the distribution of butterflies and how they use the landscape.   
 Montane meadow habitats have been indicated as threatened from potential climate 
change scenarios because of their sensitivity to temperature and precipitation changes.  
Organisms that are highly specific to these environments such as the butterfly community 
and the plants they rely on are thus similarly threatened.  Studying butterfly responses to 
changes in the landscape will help us better understand how montane meadows may change 
in the context of climate change.  Butterflies, therefore, are important indicators for changes 
on the landscape, changes within a gradient of habitat types, and changes occurring from 
stochastic perturbations.   
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APPENDIX A: STUDY SITE LOCATION AND DESCRIPTIONS  
 
Table A.  UTM (Universal Transverse Mercator) coordinates for Gallatin and Teton Region 
butterfly survey sites, as well as elevation and area of the meadow each site is located in.  
Elevation and UTM data are based on readings from GPS (Magellan) during 2006 with 
accuracy within 20 meters.   
 
Region Site # Site Name UTM Northing 
UTM 
Easting 
Elevation 
(ft) 
Area 
(ha) 
Gallatins GM1A Twin Cabin Willows 5004420 482077 6424 1.63 
 GM1B Bacon Rind 4975875 492784 7313 1.39 
 GM1C Specimen Creek 4983802 493514 6935 1.72 
 GM1D Wapiti (Taylor Fork) 4988439 478165 7050 1.05 
 GM1E Gallatin Bridge 4979476 493792 7060 ~1.00**  
 GM2A Taylor Fork 4991010 474842 7080 4.00 
 GM2B Teepee Wet 4992350 488203 7152 3.97 
 GM2C Daly South 4990032 490471 7047 5.73 
 GM2D Figure 8 4992079 487750 7024 1.17 
 GM2E Daly North 4990504 490527 7109 3.02 
 GM3A Porcupine Exclosure 5007924 481627 6322 2.97 
 GM3B Black Bear Meadow 5004666 483472 7001 31.88 
 GM3C Porcupine/Twin Meadow 5005633 483988 6611 19.10 
 GM3D Porcupine Fork 5006304 483518 6400* 10.00 
 GM3E V Meadow Teepee Creek 4990795 488003 6998 15.10 
 GM4A Twin Cabin Pass 5004902 483106 6909 5.77 
 GM4B Porcupine 1.5 Creek 5006757 484573 6680 11.60 
 GM4C Teepee 4992771 487906 7237 11.65 
 GM4D Teepee East Feeder Stream 4991767 488234 7231 5.54 
 GM4E Bacon Rind 4975686 492264 7342 2.53 
 GM5A Bacon Rind M5 4976074 493441 7290 10.15 
 GM5B Porcupine M5 5007844 481033 6224 10.25 
 GM5C Wapiti Cabin 4987714 477806 7175 10.19 
 GM5D Teepee 191 4989358 487389 6722 19.11 
 GM5E Teepee Sage 4990752 487377 6883 2.48 
 GM6A Porcupine 3rd Creek 5007623 482059 6375 25.44 
 GM6B Wapiti Pond 4989242 478620 6942 55.87 
 GM6C Daly 4988125 489568 6800* 20.54 
 GM6D Teepee Burn 4991416 487553 7047 21.09 
  GM6E Gallatin Cabin 5008449 481177 6184 5.62 
 *   Elevation taken from 7.5 min USGS map 
 ** Estimated area value 
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Table A.  (continued) 
 
Region Site # Site Name UTM Northing 
UTM 
Easting 
Elevation 
(ft) 
Area  
(ha) 
Tetons TM1A Jackson Lodge Willow North 4859445 533499 6863 548.08* 
 TM1B Jackson Lodge Willow South 4858850 533656 6830 548.08* 
 TM1C Grand View 4859989 534803 6883 53.65 
 TM1D Two Ocean Road 4859500 540316 6909 77.85 
 TM1E Jackson Dam 4857743 532539 6811 548.08* 
 TM2A Willow Flats North 4857576 533684 6801 1.75 
 TM2B Willow Flats South 4857071 533741 6784 2.06 
 TM2C Two Ocean Road 4859177 539992 6988 5.82 
 TM2D Christian Pond 4858777 534780 6853 1.64 
 TM2E Cygnet Pond 4860372 530345 6880 1.08 
 TM3A Two Ocean Lake 4862882 536736 6958 7.74 
 TM3B Two Ocean Road 4859928 540060 6991 35.54 
 TM3C Lozier Hill 4856601 538763 6837 12.45 
 TM3D Shadow Mountain Hairpin 4838220 532801 7851 119.62 
 TM3E Sound Of Music 4839404 533446 8175 3.32 
 TM5A Lozier Hill 4856428 537905 6853 13.38 
 TM5B Buffalo Fork West 4855233 548289 7048 54.47 
 TM5C Buffalo Fork East 4855564 549366 6952 6.91 
 TM5D Antelope Flats 4835685 528705 6745 76.03 
 TM5E Shadow Mountain Base 4837479 530133 6801 23.71 
 TM6A Two Ocean Road 4858336 540888 6886 65.78 
 TM6B Cow Lake 4851603 532596 6926 2805.39 
 TM6C Timbered Island Northwest 4838381 522773 6801 4801.85** 
 TM6D Timbered Island Southwest 4841752 522279 6801 4801.85** 
  TM6E Cottonwood Creek 4838382 522770 6673 4801.85** 
 *   One M1 meadow 
 ** One M6 meadow 
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 Figure A.1.  Gallatin Region study area and site locations. 
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 Figure A.2.  Teton Region study area and site locations. 
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APPENDIX B:  LIST OF GALLATIN AND TETON MONTANE MEADOW 
BUTTERFLY SPECIES 
 
Table B.1.  Abundance for each butterfly species observed in the Gallatin Region for the 
years: 1997, 1998, 2000, 2001, 2006, and 2007 totaled over all years, sites and replicates.   
 
Species Latin Names Species Common Names Total Abundance 
Agriades glandon Arctic Blue 39 
Anthocharis sara stella Stella Sara Orangetip 18 
Boloria freija* Freija Fritillary 2 
Boloria frigga Frigga Fritillary 4 
Boloria kriemhild Relict Fritillary 97 
Boloria montinus* Purplish Fritillary 1 
Boloria selene Silver-bordered Fritillary 39 
Callophrys sheridanii Sheridan's Hairstreak 2 
Cercyonis oetus Small Wood-Nymph 592 
Cercyonis sthenele Great Basin Wood-Nymph 1 
Chlosyne palla Northern Checkerspot 36 
Coenonympha haydenii Hayden's Ringlet 1579 
Coenonympha tullia inornata Inornate Common Ringlet 93 
Colias alexandra Queen Alexandra's Sulphur 2 
Colias christina Christina's Sulphur 11 
Colias eurytheme Orange Sulphur 1 
Colias gigantea Giant Sulphur 17 
Colias pelidne Pelidne Sulphur 22 
Colias philodice Clouded Sulphur 61 
Danaus plexippus Monarch 2 
Erebia epipsodea Common Alpine 659 
Euchloe ausonides Large Marble  126 
Euphilotes enoptes ancilla Dotted Blue 27 
Euphydryas chalcedona Variable Checkerspot 20 
Euphydryas editha Edith's Checkerspot 17 
Euphydryas gillettii Gillett's Checkerspot 18 
Glaucopsyche lygdamus Silvery Blue 216 
Glaucopsyche piasus Arrowhead Blue 3 
Limenitis weidemeyerii Weidemeyer's Admiral 2 
Lycaeides idas Northern Blue 18 
Lycaeides melissa Melissa Blue 92 
Lycaena cupreus Lustrous Copper 1 
Lycaena dione* Gray Copper 1 
Lycaena editha Edith's Copper 105 
Lycaena helloides Purplish Copper 488 
Lycaena heteronea Blue Copper 160 
Lycaena hyllus Bronze Copper 2 
Lycaena mariposa Mariposa Copper 9 
Lycaena nivalis Lilac-bordered Copper 7 
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Table B.1.  (continued) 
  
 
  
Species Latin Names Species Common Names Total Abundance 
Nymphalis antiopa Mourning Cloak 4 
Nymphalis californica California Tortoiseshell 2 
Nymphalis milberti Milbert's Tortoiseshell 3 
Oeneis chryxus chryxus Brown Chryxus Arctic 29 
Oeneis uhleri Uhler's Arctic 1 
Papilio eurymedon Pale Swallowtail 1 
Papilio machaon* Old World Swallowtail 5 
Papilio rutulus Western Tiger Swallowtail 2 
Papilio zelicaon Anise Swallowtail 21 
Parnassius clodius Clodius Parnassian 53 
Parnassius phoebus smintheus Rocky Mountain Phoebus Parnassian 121 
Phyciodes campestris Field Crescent 504 
Phyciodes mylitta* Mylitta Crescent 107 
Phyciodes selenis Northern Crescent 27 
Phyciodes tharos Pearl Crescent 13 
Pieris napi marginalis Margined Mustard White 83 
Pieris napi oleracea Mustard White 27 
Pieris rapae Cabbage White 3 
Plebejus icarioides Boisduval's Blue 726 
Plebejus lupini Lupine Blue 40 
Plebejus saepiolus Greenish Blue 366 
Plebejus shasta Shasta Blue 13 
Polygonia faunus* Green Comma 4 
Polygonia gracilis* Hoary Comma 2 
Polygonia satyrus* Satyr Comma 1 
Pontia beckerii Becker's White 9 
Pontia occidentalis Western White 7 
Pontia protodice Checkered White 19 
Satyrium titus* Coral Hairstreak 1 
Speyeria atlantis hesperis Hesperis Atlantis Fritillary 95 
Speyeria callippe Callippe Fritillary 37 
Speyeria cybele Great Spangled Fritillary 1 
Speyeria egleis Great Basin Fritillary 15 
Speyeria hydaspe Hydaspe Fritillary 8 
Speyeria mormonia Mormon Fritillary 879 
Speyeria zerene Zerene Fritillary 21 
Vanessa cardui Painted Lady 98 
* Butterfly Species found only in the Gallatin Region butterfly surveys. 
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Table B.2.  Abundance for each butterfly species observed in the Teton Region for the years: 
1997, 1998, 2000, 2001, and 2003-2007 totaled over all years, sites and replicates.   
 
Species Latin Names Species Common Names Total Abundance 
Agriades glandon Arctic Blue 45 
Anthocharis sara stella Stella Sara Orangetip 10 
Boloria frigga Frigga Fritillary 67 
Boloria kriemhild Relict Fritillary 74 
Boloria selene Silver-bordered Fritillary 167 
Callophrys dumetorum** Bramble Hairstreak 18 
Callophrys sheridanii Sheridan's Hairstreak 13 
Cercyonis oetus Small Wood-Nymph 492 
Cercyonis pegala** Common Wood-Nymph 2 
Chlosyne palla Northern Checkerspot 55 
Coenonympha haydenii Hayden's Ringlet 692 
Coenonympha tullia inornata Inornate Common Ringlet 593 
Colias alexandra Queen Alexandra's Sulphur 6 
Colias christina Christina's Sulphur 4 
Colias eurytheme Orange Sulphur 2 
Colias gigantea Giant Sulphur 69 
Colias interior** Pink-Edged Sulphur 17 
Colias pelidne Pelidne Sulphur 26 
Colias philodice Clouded Sulphur 42 
Erebia epipsodea Common Alpine 605 
Euchloe ausonides Large Marble  80 
Euphilotes enoptes ancilla Dotted Blue 73 
Euphydryas chalcedona Variable Checkerspot 45 
Euphydryas editha Edith's Checkerspot 24 
Euphydryas gillettii Gillett's Checkerspot 6 
Euptoieta claudia* Variegated Fritillary 1 
Glaucopsyche lygdamus Silvery Blue 101 
Glaucopsyche piasus Arrowhead Blue 29 
Limenitis weidemeyerii Weidemeyer's Admiral 12 
Lycaeides idas Northern Blue 56 
Lycaeides melissa Melissa Blue 62 
Lycaena cupreus Lustrous Copper 13 
Lycaena editha Edith's Copper 81 
Lycaena helloides Purplish Copper 239 
Lycaena heteronea Blue Copper 475 
Lycaena hyllus Bronze Copper 37 
Lycaena nivalis Lilac-bordered Copper 68 
Lycaena phlaeas** American Copper 1 
Lycaena rubidus** Ruddy Copper 1 
Nymphalis antiopa Mourning Cloak 7 
Nymphalis californica California Tortoiseshell 1 
Nymphalis milberti Milbert's Tortoiseshell 7 
Oeneis chryxus chryxus Brown Chryxus Arctic 12 
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Table B.2.  (continued) 
  
 
  
Species Latin Names Species Common Names Total Abundance 
Oeneis jutta** Jutta Arctic 3 
Oeneis uhleri Uhler's Arctic 1 
Papilio canadensis** Canadian Tiger Swallowtail 7 
Papilio eurymedon Pale Swallowtail 3 
Papilio rutulus Western Tiger Swallowtail 21 
Papilio zelicaon Anise Swallowtail 27 
Parnassius clodius Clodius Parnassian 38 
Parnassius phoebus   
smintheus 
Rocky Mountan Phoebus 
Parnassian 9 
Phyciodes campestris Field Crescent 79 
Phyciodes selenis Northern Crescent 266 
Phyciodes tharos Pearl Crescent 5 
Pieris napi marginalis Margined Mustard White 42 
Pieris napi oleracea Mustard White 7 
Pieris rapae Cabbage White 5 
Plebejus icarioides Boisduval's Blue 1305 
Plebejus lupini Lupine Blue 202 
Plebejus saepiolus Greenish Blue 827 
Plebejus shasta Shasta Blue 21 
Pontia beckerii Becker's White 3 
Pontia occidentalis Western White 5 
Pontia protodice Checkered White 17 
Satyrium sylvinus Coral Hairstreak 1 
Speyeria atlantis hesperis Hesperis Atlantis Fritillary 6 
Speyeria callippe Callippe Fritillary 126 
Speyeria cybele Great Spangled Fritillary 41 
Speyeria edwardsii** Edwards's Fritillary 3 
Speyeria egleis Great Basin Fritillary 10 
Speyeria hydaspe Hydaspe Fritillary 8 
Speyeria mormonia Mormon Fritillary 596 
Speyeria zerene Zerene Fritillary 28 
Vanessa annabella** West Coast Lady 1 
Vanessa atalanta** Red Admiral 2 
Vanessa cardui Painted Lady 74 
** Butterfly Species found only in the Teton Region butterfly surveys. 
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APPENDIX C:  R CODE 
 
Table C.1.  Chapter Two R code  
 
library(ggplot2) 
library(vegan) 
#file "mtbfly_abund_mtype-by-year_red.csv" 
g<-read.csv(as.matrix(file.choose())) 
g$region <- "Gallatin" 
#file "wybfly_abund_mtype-by-year_red.csv" 
t<-read.csv(as.matrix(file.choose())) 
t$region <- "Teton" 
both <- rbind.fill(g, t) 
both[is.na(both)]<-0 
both$year[both$year==20001]<-2001 
species <- grep("\\.", names(both)) 
butterfly_mds <- function(k) { 
  metaMDS(both[, species], k=k, distance='bray',autotransform=F,expand=F) 
 } 
mds <- butterfly_mds(k=2) 
#stress = 16.24 
pts<-mds$points 
colnames(pts)<-paste("Axis",1:ncol(pts),sep="") 
ord<-cbind(both,pts) 
 
#Figure 1 
qplot(Axis1,Axis2,data=ord,colour=factor(region),label=mtype, 
 geom=c("text"))+scale_colour_grey(name="Region") 
 
#Figure 2 
qplot(Axis1,Axis2,data=ord,label=mtype,geom=c("text"),facets=.~region) 
 
#Figure 3 
pieces <- split(ord, list(ord$mtype, ord$region)) 
trend <- function(data) { 
 with(data, data.frame( 
 mtype = mtype[1], region = region[1], 
 x=Axis1[1],xend=mean(Axis1), 
 y=Axis2[1],yend=mean(Axis2) 
 )) 
 } 
trends <- do.call('rbind', lapply(pieces, trend)) 
trends <- trends[complete.cases(trends), ] 
ptrends <- geom_segment(aes(x=x, y=y, xend=xend, yend=yend), data=trends,  
colour="black", arrow=arrow(length = unit(0.05, "npc"))) 
qplot(Axis1, Axis2, data=ord, facets = . ~ region, group=mtype, 
 colour=factor(mtype),geom=c("text"),label=mtype)+ 
 ptrends+ scale_colour_grey(name="Mtype") 
 
#Figure 4 
qplot(Axis1,Axis2,data=ord,label=mtype, geom=c("text"), 
 size=Erebia.epipsodea,facets=.~region)+ 
 scale_size(to=c(0,10)) 
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Table C.1.  (continued) 
 
#Table 2 
#load files GM_allyrs_redbfly and TM_allyrs_redbfly 
bfly.g=read.csv(as.matrix(file.choose())) 
bfly.t=read.csv(as.matrix(file.choose())) 
bfly.mds.t<-metaMDS(bfly.t[,-(1:3)],distance='bray',autotransform=F,expand=F) 
#stress=24.13 for Tetons 
bfly.mds.g<-metaMDS(bfly.g[,-(1:3)],distance='bray',autotransform=F,expand=F) 
bfly.env.t<-envfit(bfly.mds.t,bfly.t[,c(1:2)]) 
bfly.env.t 
#stress=24.91 for Gallatins 
bfly.env.g<-envfit(bfly.mds.g,bfly.g[,c(1:2)]) 
bfly.env.g 
#R code for SIA and Tables 3-5 
library(labdsv) 
#R code for total years 
duleg(bfly.g[,-(1:3)],bfly.g[,1]) 
duleg(bfly.t[,-(1:3)],bfly.t[,1]) 
#R code for SIA for each year 
t.97<-subset(bfly.t,year=="1997") 
t.98<-subset(bfly.t,year=="1998") 
t.00<-subset(bfly.t,year=="2000") 
t.01<-subset(bfly.t,year=="2001") 
t.03<-subset(bfly.t,year=="2003") 
t.04<-subset(bfly.t,year=="2004") 
t.05<-subset(bfly.t,year=="2005") 
t.06<-subset(bfly.t,year=="2006") 
t.07<-subset(bfly.t,year=="2007") 
duleg(t.97[,-(1:3)],t.97[,1]) 
duleg(t.98[,-(1:3)],t.98[,1]) 
duleg(t.00[,-(1:3)],t.00[,1]) 
duleg(t.01[,-(1:3)],t.01[,1]) 
duleg(t.03[,-(1:3)],t.03[,1]) 
duleg(t.04[,-(1:3)],t.04[,1]) 
duleg(t.05[,-(1:3)],t.05[,1]) 
duleg(t.06[,-(1:3)],t.06[,1]) 
duleg(t.07[,-(1:3)],t.07[,1]) 
g.97<-subset(bfly.g,year=="1997") 
g.98<-subset(bfly.g,year=="1998") 
g.00<-subset(bfly.g,year=="2000") 
g.01<-subset(bfly.g,year=="2001") 
g.06<-subset(bfly.g,year=="2006") 
g.07<-subset(bfly.g,year=="2007") 
duleg(g.97[,-(1:3)],g.97[,1]) 
duleg(g.98[,-(1:3)],g.98[,1]) 
duleg(g.00[,-(1:3)],g.00[,1]) 
duleg(g.01[,-(1:3)],g.01[,1]) 
duleg(g.06[,-(1:3)],g.06[,1]) 
duleg(g.07[,-(1:3)],g.07[,1]) 
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Table C.2.  Chapter Three R code  
 
#Figure 3  
library(reshape) 
#files butterfly-abund-gallatin, and ...-teton.csv 
butterflies<-rbind(read.csv(file.choose()),read.csv(file.choose())) 
names(butterflies)<-c("rep","site","year","species","abundance") 
#file name genus-counts 
plants<-read.csv(file.choose()) 
#file name butterfly-plant 
match<-read.csv(file.choose()) 
bmatched <- merge(butterflies, match, by.x="species", by.y = "butterfly") 
bp <- merge(bmatched, plants[, c("site", "year", "genus", "value")], by.x=c("site","year","plant_genus"), 
by.y=c("site","year","genus"), all.x=TRUE) 
bp$value[is.na(bp$value)] <- 0 
qplot(value,abundance,data=bp,facets=.~species,xlab='Host Plant Cover', 
 ylab='Butterfly Abundance')+ 
 scale_x_continuous(breaks=c(0,0.4,0.8))+geom_jitter() 
 
#Figure 4 
#using same data from Figure 3 except add area 
sitesize<-read.csv(file.choose()) 
plants<-merge(plants,sitesize,by="site") 
bmatched <- merge(butterflies, match, by.x="species", by.y = "butterfly") 
bp <- merge(bmatched, plants[, c("site", "year", "genus","Area", "value")], by.x=c("site","year","plant_genus"), 
by.y=c("site","year","genus"), all.x=TRUE) 
bp$value[is.na(bp$value)] <- 0 
qplot(value,abundance,data=bp,size=Area,facets=.~species,xlab='Host Plant Cover', 
  ylab='Butterfly Abundance')+ 
  scale_x_continuous(breaks=c(0,0.4,0.8))+geom_jitter() 
 
#Figure 5  
library(vegan) 
#file to load bfly-flower-plant-2007rep1 
mt07=read.csv(as.matrix(file.choose())) 
dim(mt07.red) 
#29 rows, and 49 columns 
mt07.mds<-metaMDS(mt07[,-(1:8)],distance='bray',autotransform=F,expand=F) 
#stress= 19.41 
envfit(mt07.mds,mt07[,c(1:5)],permutations=10000) 
var.env<-envfit(mt07.mds,mt07[,c(1:5)]) 
plot(mt07.mds,type="n") 
plot(var.env,col=1) 
sites<-mt07[,8] 
text(mt07.mds,label=sites,cex=0.5) 
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Table C.2.  (continued)  
 
#Table 2  
#use the same file from Figure 5 to calculate spearman rho for table 2 
library(Hmisc) 
#column2=Ramet richness 
#column3=Ramet abundance 
#column6=butterfly abundance 
#column7=butterfly richness 
rcorr(mt07[,6],mt07[,2],type=c("spearman")) 
rcorr(mt07[,6],mt07[,3],type=c("spearman")) 
rcorr(mt07[,7],mt07[,2],type=c("spearman")) 
rcorr(mt07[,7],mt07[,9],type=c("spearman")) 
 
#R code for Figure D.2 in appendix D 
library(ggplot2) 
options(stringsAsFactors = FALSE) 
plants<-read.csv(file.choose(),check.names=FALSE) 
p <- melt(plants, id=1:2, na.rm=TRUE) 
p <- transform(p,  
   species = gsub(" ", "", species), 
   year = as.numeric(as.character(variable)), 
   region = factor(substring(site, 1, 1)), 
   mtype = substring(site, 2, 3) 
  ) 
names(p) 
p <- subset(p, value > 0) 
qplot(year, value, data=p, facets = species ~ mtype, group=site, 
 geom=c("line"), colour=region, log="y",ylab='Percent Cover')+ 
 scale_x_continuous(breaks=c(2998,2001,2006))+ 
 scale_colour_grey(name='Region') 
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APPENDIX D:  GYE BUTTERFLY HOST PLANT DATA 
 
Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Agriades glandon Primrose rock primroses Primulaceae Primula saxatilis 
 Primrose herb primrose Primulaceae   
 Primrose alpine rock jasmine Primulaceae Androsace chamaejasme 
 Pea   Fabaceae   
 Pea milk vetches Fabaceae Astragalus spp. 
 Pea saxifrages Saxifragaceae Saxifraga spp. 
Anthocharis sara stella Mustard rock cress Brarassicaceae Arabis 
Boloria freija Heath blueberries Ericaceae Vaccinium spp. 
 Heath bearberries Ericaceae Arctostaphylos uva-ursi 
Boloria frigga Willow willows Salicaceae Salix spp. 
Boloria kriemhild Violet violets Violaceae Viola 
Boloria montinus Willow willows Salicaceae Salix spp. 
 Buckwheat bistorts Polygonaceae Polygonum 
Boloria selene Willow willows Salicaceae Salix spp. 
 Violet violets Violaceae Viola 
Callophrys dumetorum Buckwheat sulphur buckwheat Polygonaceae Eriogonum umbellatum 
Callophrys sheridanii Buckwheat buckwheat Polygonaceae Eriogonum spp. 
Cercyonis oetus Grass   Poaceae   
Cercyonis pegala Grass   Poaceae Andropogon, Tridens, Stipa, Puccunellia 
spp. 
Cercyonis sthenele Grass   Poaceae   
Chlosyne palla Aster asters Asteraceae   
 Aster rabbitbrush Asteraceae Chrysothamnus nauseosus 
 Aster showy fleabane Asteraceae Erigeron speciosus 
 Aster arrow-leafed groundsel Asteraceae Senecio 
Coenonympha haydenii Grass   Poaceae   
Coenonympha tullia inornata Grass   Poaceae Poa pratensis, Stipa comata 
     
Figure D.1.  Host plant information for GYE meadow butterflies, including family or families of host plant listed as common 
names and scientific names.  Genus and examples of species of host plant are also provided when known for the particular 
butterfly.  List is not exhaustive (Glassberg, 2001; Debinski and Pritchard, 2002; Brock and Kaufman, 2003) (References from 
Chapter 3).  
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Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Colias alexandra Pea golden banner Fabaceae Thermopsis 
 Pea northern sweet-vetch Fabaceae Hedysarum boreale 
 Pea locoweeds Fabaceae Oxytropis 
 Pea red clover Fabaceae Triofolium pratense 
Colias christina Pea northern sweet-vetch Fabaceae Hedysarum boreale 
 Pea locoweeds Fabaceae Oxytropis spp. 
Colias eurytheme Pea alfalfa Fabaceae Medicago sativa 
 Pea many Fabaceae Oxytropis, Astragalus, Lupinus, Trifolium, Vicia 
Colias gigantea Willow willows Salicaceae Salix spp. 
Colias interior Heath huckleberry Ericaceae Vaccinium cespitosum 
Colias pelidne Heath blueberries Ericaceae Vaccinium spp. 
 Heath huckleberry Ericaceae Vaccinium cespitosum 
 Heath alpine false-wintergreen Ericaceae Gaultheria humifusa 
Colias philodice Pea white clover, milk vetches, etc. Fabaceae Trifolium, Astragalus  
 Pea alfalfa Fabaceae Medicago sativa 
Danaus plexippus Milkweed milkweeds Asclepiadaceae Asclepias 
Erebia epipsodea Grass grasses Poaceae   
Euchloe sp. Mustard mustards Brarassicaceae   
Eucholoe ausonides Aster common tansy Asteraceae Tanacetum vulgare  
 Mustard rockcresses,yellowcress, others Brarassicaceae Arabia sp,Rorippa palustris,Descurainia 
sophia 
Euphilotes enoptes ancilla Buckwheat sulphur buckwheat Polygonaceae Eriogonum umbellatum 
Euphydryas chalcedona Figwort paintbrushes,penstemon,snowberries Scrophulariaceae Castilleja, Penstemon, Symphoricarpus spp. 
 Figwort monkey flowers Scrophulariaceae Mimulus 
 Figwort elephan'ts head Scrophulariaceae Pedicularis 
 Valerian   Valerianaceae   
 Broomrape clustered broomrape, others Orobanchaceae Orobanche fasciculata 
 Plantain   Plantaginaceae   
 Honeysuckle honeysuckle Caprifoliaceae Lonicera spp. 
 
   
 
Figure D.1.  (continued)    
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Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Euphydryas editha Figwort paintbrushes Scrophulariaceae Castilleja spp. 
 Figwort elephant's head, louseworts, penstemons Scrophulariaceae Pedicularis, Penstemon 
 Valerian   Valerianaceae   
 Plantain   Plantaginaceae   
 Honeysuckle   Caprifoliaceae   
Euphydryas gillettii Honeysuckle twinberry Caprifoliaceae Lonicera involucrata 
Euptoieta claudia Passion-flower passion vines Passifloraceae Passiflora spp. 
 Flax flax Linaceae Linum spp. 
 Violet violets Violaceae Viola 
Glaucopsyche lygdamus Pea vetches, lupines, Fabaceae Vicia, Lupinus 
 Pea milk-vetches, showy locoweed Fabaceae Astragalus spp., Oxytropis lambertii 
 Pea goldenbeans, alfalfa, white sweet clover Fabaceae Thermopsis, Medicago sativa, Melilotus alba 
Glaucopsyche piasus Pea lupines Fabaceae Lupinus spp. 
 Pea milk-vetches, Fabaceae Astragalus spp. 
Limenitis weidemeyerii Willow willows, trembling aspen Salicaceae Salix sp. Populus tremuloides 
 Willow narrow-leaved cottonwood Salicaceae Populus angustifolia 
 Rose chokecherry, serviceberry Rosaceae Prunus virginiana, Amelanchier alnifolia 
 Rose many oceanspray Rosaceae Holodiscus spp. 
Lycaeides idas Pea milk vetches, lodgepole lupine Fabaceae Astragalus spp., Lupinus parviflorus 
 Heath blueberries Ericaceae Vaccinium sp. 
Lycaeides melissa Pea alfalfa, lupines Fabaceae Medicago sativa, Lupinas spp. 
 Pea rattleweeds Fabaceae Astragalus 
 Pea common sweet clover Fabaceae Melilotus officinalis 
Lycaena cupreus Buckwheat alpine sorrel, sheep sorrel,  Polygonaceae Rumex paucifolius, R. acetosella 
 Buckwheat green sorrel, mountain sorrel Polygonaceae Rumex acetosa, Oxyria digyna 
 Buckwheat dock Polygonaceae Rumex 
Lycaena dione Buckwheat dock, sorrel Polygonaceae Rumex 
Lycaena editha Buckwheat curled dock, sheep sorrel, alpine sorrel Polygonaceae Rumex crispus, R. acetosella, R. paucifolius 
 Buckwheat willow dock, western dock Polygonaceae Rumex salicifolius, R. aquaticus 
 Rose   Rosaceae Horkelia spp. 
 
   
 
Figure D.1.  (continued)    
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Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Lycaena helloides Buckwheat dock, knotweeds Polygonaceae Rumex spp, Polygonum spp. 
 Rose cinquefoil Rosaceae Potentilla spp. 
Lycaena heteronea Buckwheat sulphur buckwheat Polygonaceae Eriogonum umbellatum 
Lycaena hyllus Buckwheat docks, pondweeds Polygonaceae Rumex spp., Potamogeton spp. 
Lycaena mariposa Heath blueberries Ericaceae Vaccinium spp. 
 Buckwheat curled dock and more Polygonaceae Rumex crispus  
Lycaena nivalis Buckwheat mountain knotweed and more Polygonaceae Polygonum douglasii 
Lycaena phlaeas Buckwheat sheep sorrel, curled dock Polygonaceae Rumex acetosella, R. crispus 
   green sorrel, mountain sorrel Polygonaceae Rumex acetosa, Oxyria digyna 
Lycaena rubidus Buckwheat docks Polygonaceae Rumex spp., Potamogeton spp.  
Nymphalis antiopa Willow willows, cottonwoods, Salicaceae Salix spp., Populus 
 Birch birches Betulaceae Betula 
 Elm hackberry, elms Ulmaceae Celtis spp. 
Nymphalis californica Buckthorn  snowbrush Rhamnaceae Ceanothus velutinus 
Nymphalis milberti Nettle  nettles Urticaceae Urtica spp. 
Oeneis chryxus chryxus Grass reed canarygrass and more Poaceae Phalaris arundinacea  
 
  sedges Cyperaceae   
Oeneis jutta 
  sedges Cyperaceae   
 
  rushes Juncaceae   
Oeneis uhleri Grass grasses Poaceae   
Papilio canadensis Rose plum cherries, mountain ash Rosaceae Prunus spp., Sorbus scopulina 
 Birch birches Betulaceae Betula spp. 
 Willow black cottonwoods, willows Salicaceae Populus balsamifera, Salix spp. 
Papilio eurymedon Buckthorn snowbrush Rhamnaceae Ceanothus velutinus, 
 Birch alder Betulaceae Alnus spp. 
 Rose wild plum Rosaceae Prunus spp. 
 Buckthorn coffeeberry Rhamnaceae Rhamnus 
Papilio machaon Aster sagebrush Asteraceae Artemisia spp. 
 Aster wild tarragon, wormwood Asteraceae Artemisia dracunculoides, Artemisia spp. 
 Carrot cow-parsnip, and others Apiaceae Heracleum sphondylium 
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Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Papilio rutulus Willow willows, cottonwoods, aspens Salicaceae Salix spp., Populus sp. Populus balsamifera 
 Rose plums and cherries Rosaceae Prunus spp. 
 Birch alder Betulaceae Alnus spp. 
 Olive ash Oleaceae Fraxinus spp. 
Papilio zelicaon Carrot cow-parsnip, angelica, others Apiaceae Heracleum sphondylium, Angelica arguta,  
Parnassius clodius Fumitory  bleeding heart Fumariaceae   
 Stonecrop stonecrops Crassulaceae Sedum spp. 
Parnassius phoebus 
smintheus Stonecrop  roseroot, and other stonecrops Crassulaceae Sedum integreifolium  
Phyciodes campestris Aster fleabanes Asteraceae Erigeron spp. 
Phyciodes mylitta Aster thistles Asteraceae Cirsium 
Phyciodes pallida Aster thistles Asteraceae Cirsium 
Phyciodes selenis Aster asters Asteraceae   
Phyciodes tharos Aster asters Asteraceae   
Pieris napi marginalis Mustard toothwort, rockcress, others Brassicaceae Cardamine spp., Arabis spp. 
Pieris rapae Mustard cabbage, watercress, etc. Brassicaceae Brassica spp., Nasturtium spp. 
Plebejus icarioides Pea lupines Fabaceae Lupinus spp. 
Plebejus lupini Buckwheat mt. knotweeds, buckwheats Polygonaceae Polygonum spp., Eriogonum spp. 
 Pea milk-vetches, lupines Fabaceae Astragalus spp., Lupinus spp. 
Plebejus saepiolus Pea clovers Fabaceae Trifolium spp. 
 Buckwheat bistorts Polygonaceae Polygonum spp. 
 Aster asters Asteraceae   
Plebejus shasta Pea lupines, clovers Fabaceae Lupinus spp., Trifoliu spp. 
 Pea milk-vetches, locoweeds Fabaceae Astragalus spp., Oxytropis spp.,  
Polygonia faunus Birch alder Betulaceae Alnus spp. 
 Willow willows Salicaceae Salix spp 
 Birch birches Betulaceae Betula spp. 
 Currant northern gooseberry Grossulariaceae Ribes oxyacanthoides 
Polygonia gracilis Currant wax currant Grossulariaceae Ribes cereum 
Polygonia satyrus Nettle nettles, stinging nettle Urticaceae Urtica spp., Urtica dioica 
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Butterfly Species Family of Host Plant Common Name Host Plant 
Family of Host 
Plant Genus and Species 
Pontia beckerii Mustard bladderpod Brassicaceae Lesquerella alpina 
 Mustard princesplume, others Brassicaceae Stanleya spp.  
Pontia occidentalis Mustard   Brassicaceae   
Pontia protodice Mustard   Brassicaceae   
 Caper Rocky Mt. bee-plant Capparaceae Cleome serrulata 
Satyrium sylvinus Willow willows Salicaceae Salix spp 
Satyrium titus Rose serviceberry Rosaceae Amelanchier alnifolia 
 Rose wild cherry, plum Rosaceae Prunus spp. 
Speyeria atlantis hesperis Violet stream violet, yellow montane violet Violaceae Viola glabella, V. nuttallii, etc. 
 Violet round-leaved yellow violet, early blue 
violet Violaceae Viola orbiculata, V. adunca, etc. 
Speyeria callippe Violet yellow montane violet Violaceae Viola nuttallii 
Speyeria cybele Violet early blue violet and Canada violet Violaceae Viola adunca, V. canadensis 
Speyeria edwardsii Violet yellow montane violet, early blue violet Violaceae Viola nuttallii, V. adunca 
Speyeria egleis Violet yellow montane violet, early blue violet Violaceae Viola nuttallii, V. adunca  
Speyeria hydaspe Violet stream violet, yellow montane violet Violaceae Viola glabella, V. nuttallii  
 Violet round-leaved yellow violet, early blue 
violet Violaceae Viola orbiculata, V. adunca  
Speyeria mormonia Violet yellow montane violet, early blue violet Violaceae Viola nuttallii, V. adunca, 
 Violet northern bog violet Violaceae Viola nephrophylla, etc. 
Speyeria zerene Violet early blue violet, yellow montane violet Violaceae Viola adunca, V. nuttallii,  
Vanessa annabella Mallow mallows Malvaceae   
 Nettle nettles Urticaceae Urtica spp. 
Vanessa atalanta Nettle nettles Urticaceae Urtica spp. 
 Nettle false nettles, pellitory Urticaceae Boehmeria spp., Parietaria spp. 
Vanessa cardui Mallow mallows Malvaceae   
 Aster thistles Asteraceae Cirsium 
 Pea peas Fabaceae   
     
 
Figure D.1.  (continued) 
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Figure D.2.  Host plant percent cover changes for Gallatin, “G”, and Teton, “T”, Regions for 
plant surveys done in 1997, 1998, 2001, 2006 and 2007.  Columns are meadow types (M1-
M6), and blank portions in the figure represent no host plants surveyed within that meadow 
type.  Four butterfly species use host plants only with the genus Eriogonum including 
Callophrys dumetorum, C. sheridanii, Euphilotes enoptes ancilla, and Lycaena heteronea.  
Only the butterfly Plebejus icarioides uses host plants only within the genus Lupinus in the 
GYE.  The butterflies Boloria frigga and Colias gigantea use host plants within the genus 
Salix, and only Parnassius phoebus smintheus uses only host plants within the genus Sedum.  
This grouping of butterflies and their associated host plants were used for the analysis of host 
plant data in Chapter 3.  R code for this figure is presented in Appendix C, Table C.2.   
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APPDENDIX E:  BUTTERFLY ABUNDANCE FOR GALLATIN AND TETON 
REGIONS. 
 
Table E.1.  Gallatin Region butterfly abundance averaged over the meadow type replicates 
(A-E), for each year using only two replicates for each year.   
 
Gallatin Region Butterflies M
11
99
7 
M
21
99
7 
M
31
99
7 
M
41
99
7 
M
51
99
7 
M
61
99
7 
M
11
99
8 
M
21
99
8 
M
31
99
8 
M
41
99
8 
M
51
99
8 
M
61
99
8 
Agriades glandon 0 0 0 0 0 0 1 0 1 5 2 0 
Anthocharis sara stella 2 1 0 0 1 0 1 0 0 4 0 0 
Boloria freija 0 1 0 0 0 0 0 0 0 1 0 0 
Boloria frigga 1 1 0 0 0 0 0 1 0 0 0 0 
Boloria kriemhild 12 0 16 0 0 1 10 4 4 2 1 0 
Boloria montinus 0 0 0 0 0 0 0 0 0 0 0 0 
Boloria selene 0 10 0 0 0 0 0 3 1 0 0 0 
Callophrys sheridanii 0 0 0 0 1 0 0 0 0 1 0 0 
Cercyonis oetus 0 0 6 4 24 39 0 1 1 0 7 17 
Cercyonis sthenele 0 0 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 0 0 0 0 0 0 6 0 0 0 0 0 
Coenonympha haydenii 25 17 59 35 22 17 41 33 73 70 41 47 
Coenonympha tullia inornata 0 0 1 0 3 5 2 3 0 0 9 13 
Colias alexandra 0 0 0 0 0 0 0 0 0 0 0 0 
Colias christina 0 0 0 1 0 0 0 0 0 0 0 1 
Colias eurytheme 0 0 0 0 0 0 0 0 0 0 0 0 
Colias gigantean 0 0 0 0 0 0 0 1 0 0 0 0 
Colias pelidne 0 0 0 0 0 0 0 0 0 0 0 0 
Colias philodice 0 2 0 1 2 0 0 0 1 0 5 3 
Danaus plexippus 0 0 0 0 0 0 0 0 0 0 0 0 
Erebia epipsodea 18 15 16 5 3 4 26 34 36 8 10 5 
Euchloe sp. 5 9 25 7 5 2 1 2 3 4 1 0 
Euphilotes enoptes ancilla 0 0 0 0 0 0 0 1 0 0 0 0 
Euphydryas chalcedona 1 0 0 0 0 0 0 0 0 0 0 1 
Euphydryas editha 0 0 0 0 0 0 0 0 0 0 0 0 
Euphydryas gillettii 0 0 0 0 0 0 0 4 1 0 0 0 
Glaucopsyche lygdamus 7 25 12 14 6 5 14 40 8 31 29 10 
Glaucopsyche piasus 0 0 0 0 1 0 0 0 0 0 0 0 
Limenitis weidemeyerii 0 0 0 0 0 0 0 1 0 0 0 0 
Lycaeides idas 1 0 0 0 0 0 2 0 0 0 0 0 
Lycaeides melissa 0 0 1 1 0 4 0 1 0 2 2 4 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena dione 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena editha 0 0 0 0 5 0 0 0 0 0 1 0 
Lycaena helloides 17 2 22 34 4 0 6 0 32 0 7 0 
Lycaena heteronea 1 0 1 4 17 18 0 0 2 0 2 2 
Lycaena hyllus 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena mariposa 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena nivalis 0 0 0 0 0 0 0 0 0 0 0 0 
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Table E.1.  (continued) 
Gallatin Region Butterflies M
11
99
7 
M
21
99
7 
M
31
99
7 
M
41
99
7 
M
51
99
7 
M
61
99
7 
M
11
99
8 
M
21
99
8 
M
31
99
8 
M
41
99
8 
M
51
99
8 
M
61
99
8 
Nymphalis antiopa 1 2 0 0 0 0 0 0 0 0 0 0 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 0 0 0 0 0 0 0 0 0 0 0 0 
Oeneis chryxus chryxus 0 0 0 0 1 0 0 0 0 0 2 0 
Oeneis uhleri 0 0 0 0 0 1 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio machaon 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio rutulus 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio zelicaon 3 5 0 2 1 0 1 3 3 0 0 0 
Parnassius clodius 1 0 0 3 0 0 0 0 0 5 0 0 
Parnassius phoebus smintheus 0 0 0 0 8 1 1 0 0 0 14 18 
Phyciodes campestris 8 1 8 8 0 0 16 6 20 12 3 15 
Phyciodes mylitta 0 0 0 0 0 0 0 0 0 0 0 0 
Phyciodes selenis 0 0 0 0 0 0 0 0 0 1 0 2 
Phyciodes tharos 0 0 0 0 0 0 0 0 0 0 0 0 
Pieris napi marginalis 0 4 4 1 2 1 9 2 3 2 1 0 
Pieris napi oleracea 0 0 0 0 0 0 0 0 0 0 0 0 
Pieris rapae 0 0 0 0 0 0 0 0 0 0 0 0 
Plebejus icarioides 3 4 7 57 43 23 4 18 13 58 47 37 
Plebejus lupini 0 0 1 2 1 0 4 0 2 1 2 1 
Plebejus saepiolus 48 32 9 7 8 16 27 46 6 12 9 8 
Plebejus shasta 0 0 0 0 0 0 0 0 0 0 0 0 
Polygonia faunus 0 2 0 0 1 1 0 0 0 0 0 0 
Polygonia gracilis 0 0 0 0 0 0 0 0 0 0 0 0 
Polygonia satyrus 0 0 0 0 0 0 1 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 0 0 0 0 0 0 
Pontia occidentalis 0 0 0 0 1 0 0 1 0 0 0 0 
Pontia protodice 0 0 0 0 0 0 0 0 3 1 0 0 
Satyrium titus 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 0 0 4 0 1 0 1 0 6 0 0 2 
Speyeria callippe 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria cybele 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria egleis 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria hydaspe 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria mormonia 4 2 20 12 14 15 6 1 11 11 8 12 
Speyeria zerene 0 0 0 0 0 0 0 0 0 0 0 0 
Vanessa cardui 1 0 2 1 0 0 9 0 2 8 3 1 
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Table E.1.  (continued) 
Gallatin Region Butterflies M
12
00
0 
M
22
00
0 
M
32
00
0 
M
42
00
0 
M
52
00
0 
M
62
00
0 
M
12
00
1 
M
22
00
1 
M
32
00
1 
M
42
00
1 
M
52
00
1 
M
62
00
1 
Agriades glandon 3 0 0 1 1 1 1 3 3 1 1 1 
Anthocharis sara stella 0 0 0 0 0 0 2 1 0 0 0 0 
Boloria freija 0 0 0 0 0 0 0 0 0 0 0 0 
Boloria frigga 0 0 0 0 0 0 0 0 0 0 0 0 
Boloria kriemhild 3 0 1 0 0 0 1 6 10 1 1 1 
Boloria montinus 0 0 0 0 1 0 0 0 0 0 0 0 
Boloria selene 0 4 1 0 0 0 4 4 0 0 0 0 
Callophrys sheridanii 0 0 0 0 0 0 0 0 0 0 0 0 
Cercyonis oetus 1 1 1 2 44 37 0 1 9 19 53 88 
Cercyonis sthenele 0 0 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 2 0 1 0 0 1 6 0 0 1 1 0 
Coenonympha haydenii 67 64 112 86 48 39 36 76 85 101 19 25 
Coenonympha tullia inornata 0 4 1 0 3 4 1 3 0 0 4 9 
Colias alexandra 0 0 0 1 0 1 0 0 0 0 0 0 
Colias christina 0 0 0 0 0 1 0 1 0 1 2 1 
Colias eurytheme 0 0 0 0 0 0 0 0 0 0 0 0 
Colias gigantea 0 0 0 0 0 0 0 4 0 0 0 0 
Colias pelidne 0 2 0 0 0 0 1 1 1 1 0 0 
Colias philodice 0 0 0 0 0 0 0 1 1 0 2 2 
Danaus plexippus 0 0 0 0 0 0 1 0 0 0 0 1 
Erebia epipsodea 30 63 2 5 1 3 59 84 18 24 38 25 
Euchloe sp. 3 8 4 1 2 2 4 3 7 3 2 0 
Euphilotes enoptes ancilla 4 0 0 0 0 0 2 1 1 7 7 0 
Euphydryas chalcedona 1 0 0 0 0 0 0 0 0 0 0 0 
Euphydryas editha 4 1 0 0 0 0 0 0 0 0 0 2 
Euphydryas gillettii 1 1 0 0 0 0 1 3 0 0 0 0 
Glaucopsyche lygdamus 1 0 0 0 0 0 0 0 0 0 0 0 
Glaucopsyche piasus 0 0 0 0 0 0 1 0 0 1 0 0 
Limenitis weidemeyerii 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaeides idas 0 0 2 0 0 1 0 0 0 0 0 0 
Lycaeides melissa 4 1 3 6 0 0 2 0 5 0 1 0 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 0 1 0 
Lycaena dione 0 0 0 0 0 0 0 1 0 0 0 0 
Lycaena editha 0 0 2 1 3 0 2 1 1 7 6 1 
Lycaena helloides 3 0 5 12 4 0 6 5 19 20 2 0 
Lycaena heteronea 1 0 1 1 7 4 1 1 0 8 8 13 
Lycaena hyllus 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena mariposa 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena nivalis 0 0 0 0 0 0 0 0 1 5 1 0 
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Table E.1.  (continued) 
Gallatin Region Butterflies M
12
00
0 
M
22
00
0 
M
32
00
0 
M
42
00
0 
M
52
00
0 
M
62
00
0 
M
12
00
1 
M
22
00
1 
M
32
00
1 
M
42
00
1 
M
52
00
1 
M
62
00
1 
Nymphalis antiopa 0 0 0 0 0 0 0 0 0 0 0 0 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 0 0 0 0 0 0 0 1 0 0 0 0 
Oeneis chryxus chryxus 0 0 0 2 8 1 0 1 2 1 3 4 
Oeneis uhleri 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 1 0 0 0 0 0 0 0 0 
Papilio machaon 0 3 0 0 0 0 0 1 0 0 0 0 
Papilio rutulus 2 0 0 0 0 0 0 0 0 0 0 0 
Papilio zelicaon 0 1 0 0 1 0 0 0 0 1 0 0 
Parnassius clodius 3 0 0 13 3 0 2 0 0 7 0 0 
Parnassius phoebus smintheus 0 1 0 3 11 11 0 0 0 3 25 1 
Phyciodes campestris 27 9 79 41 14 17 16 29 67 32 9 9 
Phyciodes mylitta 0 0 0 0 0 0 2 16 52 27 5 5 
Phyciodes selenis 3 5 4 2 1 0 0 0 1 0 0 0 
Phyciodes tharos 0 0 0 0 0 0 1 2 2 0 3 3 
Pieris napi marginalis 14 5 0 1 0 2 0 0 0 0 0 0 
Pieris napi oleracea 0 0 0 0 0 0 6 7 11 1 1 1 
Pieris rapae 0 0 0 0 0 0 0 0 0 0 0 0 
Plebejus icarioides 3 6 5 36 19 15 13 5 3 43 37 37 
Plebejus lupini 1 0 1 0 6 0 0 0 1 2 0 2 
Plebejus saepiolus 0 2 0 0 1 0 8 22 3 2 2 1 
Plebejus shasta 0 0 0 0 0 0 0 0 0 0 0 0 
Polygonia faunus 0 0 0 0 0 0 0 0 0 0 0 0 
Polygonia gracilis 0 0 0 0 0 0 0 1 0 0 0 0 
Polygonia satyrus 0 0 0 0 0 0 0 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 0 0 1 0 1 3 
Pontia occidentalis 0 0 0 1 0 0 2 0 0 0 1 0 
Pontia protodice 2 0 1 1 0 0 2 1 2 3 1 0 
Satyrium titus 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 8 2 9 0 0 2 15 4 8 1 0 2 
Speyeria callippe 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria cybele 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria egleis 0 0 0 0 0 0 0 0 0 0 0 0 
Speyeria hydaspe 2 0 0 0 1 0 0 0 0 0 0 1 
Speyeria mormonia 9 6 7 20 43 25 8 12 44 36 21 26 
Speyeria zerene 0 0 0 0 0 0 0 0 0 1 2 0 
Vanessa cardui 0 0 0 0 0 0 15 12 18 13 6 7 
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Table E.1.  (continued) 
Gallatin Region Butterflies M
12
00
6 
M
22
00
6 
M
32
00
6 
M
42
00
6 
M
52
00
6 
M
62
00
6 
M
12
00
7 
M
22
00
7 
M
32
00
7 
M
42
00
7 
M
52
00
7 
M
62
00
7 
Agriades glandon 0 1 1 0 2 1 2 3 1 1 1 1 
Anthocharis sara stella 2 1 1 1 0 0 1 0 0 0 0 0 
Boloria freija 0 0 0 0 0 0 0 0 0 0 0 0 
Boloria frigga 0 1 0 0 0 0 0 0 0 0 0 0 
Boloria kriemhild 1 9 0 3 0 0 4 4 2 0 0 0 
Boloria montinus 0 0 0 0 0 0 0 0 0 0 0 0 
Boloria selene 0 8 0 0 0 0 0 3 1 0 0 0 
Callophrys sheridanii 0 0 0 0 0 0 0 0 0 0 0 0 
Cercyonis oetus 3 6 15 12 26 30 5 8 26 13 30 52 
Cercyonis sthenele 0 0 0 1 0 0 0 0 0 0 0 0 
Chlosyne palla 3 0 2 0 0 0 8 0 4 0 0 1 
Coenonympha haydenii 15 17 27 28 13 9 19 52 80 41 18 22 
Coenonympha tullia inornata 0 3 1 0 8 8 0 2 1 2 2 1 
Colias alexandra 0 0 0 0 0 0 0 0 0 0 0 0 
Colias christina 0 1 1 0 0 1 0 0 0 0 0 0 
Colias eurytheme 0 0 1 0 0 0 0 0 0 0 0 0 
Colias gigantea 2 5 0 0 0 0 0 5 0 0 0 0 
Colias pelidne 0 3 0 2 1 5 2 0 0 1 1 1 
Colias philodice 2 2 5 2 3 3 1 6 6 2 5 4 
Danaus plexippus 0 0 0 0 0 0 0 0 0 0 0 0 
Erebia epipsodea 11 16 4 4 10 7 28 25 13 2 3 4 
Euchloe sp. 1 6 2 3 0 1 2 5 2 0 0 1 
Euphilotes enoptes ancilla 0 0 2 0 0 1 1 0 0 0 0 0 
Euphydryas chalcedona 0 0 0 1 0 2 3 0 1 2 1 7 
Euphydryas editha 0 0 0 5 0 3 0 0 2 0 0 0 
Euphydryas gillettii 1 3 0 0 0 0 1 2 0 0 0 0 
Glaucopsyche lygdamus 2 0 0 3 0 2 4 1 1 0 0 1 
Glaucopsyche piasus 0 0 0 0 0 0 0 0 0 0 0 0 
Limenitis weidemeyerii 0 0 0 1 0 0 0 0 0 0 0 0 
Lycaeides idas 0 0 0 3 0 2 1 0 0 0 1 5 
Lycaeides melissa 3 0 2 7 4 5 2 5 2 10 4 11 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena dione 0 0 0 0 0 0 0 0 0 0 0 0 
Lycaena editha 1 6 6 7 18 10 1 2 1 3 11 9 
Lycaena helloides 12 25 31 18 5 1 23 68 57 32 4 8 
Lycaena heteronea 15 0 1 4 7 5 1 8 2 8 11 6 
Lycaena hyllus 0 0 0 0 0 0 0 2 0 0 0 0 
Lycaena mariposa 5 0 1 3 0 0 0 0 0 0 0 0 
Lycaena nivalis 0 0 0 0 0 0 0 0 0 0 0 0 
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Table E.1.  (continued) 
Gallatin species M
12
00
6 
M
22
00
6 
M
32
00
6 
M
42
00
6 
M
52
00
6 
M
62
00
6 
M
12
00
7 
M
22
00
7 
M
32
00
7 
M
42
00
7 
M
52
00
7 
M
62
00
7 
Nymphalis antiopa 0 0 0 0 0 0 0 0 0 1 0 0 
Nymphalis californica 0 0 0 0 0 0 1 1 0 0 0 0 
Nymphalis milberti 0 1 0 0 0 0 0 0 0 1 0 0 
Oeneis chryxus chryxus 0 0 0 0 1 0 1 1 0 0 1 0 
Oeneis uhleri 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio machaon 0 1 0 0 0 0 0 0 0 0 0 0 
Papilio rutulus 0 0 0 0 0 0 0 0 0 0 0 0 
Papilio zelicaon 0 0 0 0 0 0 0 0 0 0 0 0 
Parnassius clodius 0 0 0 7 3 0 5 0 0 1 0 0 
Parnassius phoebus smintheus 0 0 0 0 6 6 0 1 0 0 6 5 
Phyciodes campestris 4 9 14 4 0 0 6 8 9 1 3 0 
Phyciodes mylitta 0 0 0 0 0 0 0 0 0 0 0 0 
Phyciodes selenis 0 1 1 0 0 0 0 3 2 1 0 0 
Phyciodes tharos 0 0 0 0 1 0 0 0 1 0 0 0 
Pieris napi marginalis 2 9 7 0 1 0 5 3 3 2 0 0 
Pieris napi oleracea 0 0 0 0 0 0 0 0 0 0 0 0 
Pieris rapae 1 0 0 1 0 0 0 0 1 0 0 0 
Plebejus icarioides 3 3 11 24 23 27 2 11 3 37 34 12 
Plebejus lupini 0 1 1 2 3 4 0 1 0 0 0 1 
Plebejus saepiolus 24 17 1 7 10 10 4 7 2 8 7 0 
Plebejus shasta 1 0 0 0 0 0 1 3 2 0 1 5 
Polygonia faunus 0 0 0 0 0 0 0 0 0 0 0 0 
Polygonia gracilis 0 0 0 0 0 0 0 0 0 1 0 0 
Polygonia satyrus 0 0 0 0 0 0 0 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 1 1 2 0 0 0 
Pontia occidentalis 0 0 0 1 0 0 0 0 0 0 0 0 
Pontia protodice 0 0 0 0 1 0 0 0 0 0 0 1 
Satyrium titus 0 0 0 1 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 4 1 2 0 2 0 5 2 9 2 1 2 
Speyeria callippe 1 2 5 1 2 6 0 0 7 6 5 2 
Speyeria cybele 0 0 0 1 0 0 0 0 0 0 0 0 
Speyeria egleis 1 0 7 2 1 3 0 0 0 0 1 0 
Speyeria hydaspe 0 0 1 0 0 0 1 2 0 0 0 0 
Speyeria mormonia 14 31 47 49 30 38 32 62 53 42 59 46 
Speyeria zerene 0 1 1 4 6 4 1 1 0 0 0 0 
Vanessa cardui 0 0 0 0 0 0 0 0 0 0 0 0 
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Table E.2.  Teton Region butterfly abundance averaged over the meadow type replicates (A-
E), for each year using only two replicates for each year.   
 
Teton Region Butterflies M
11
99
7 
M
21
99
7 
M
31
99
7 
M
51
99
7 
M
61
99
7 
M
11
99
8 
M
21
99
8 
M
31
99
8 
M
51
99
8 
M
61
99
8 
Agriades glandon 0 0 1 1 0 0 0 3 10 1 
Anthocharis sara stella 0 0 3 0 0 0 1 1 0 0 
Boloria frigga 8 0 0 0 0 3 0 0 0 0 
Boloria kriemhild 2 6 7 1 0 5 6 4 0 0 
Boloria selene 6 5 0 0 0 7 4 0 0 0 
Callophrys dumetorum 0 0 0 0 0 0 0 0 0 10 
Callophrys sheridanii 0 0 1 1 10 0 0 0 0 1 
Cercyonis oetus 0 0 0 6 0 0 2 26 24 21 
Cercyonis pegala 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 1 0 2 0 0 0 0 0 0 0 
Coenonympha haydenii 7 9 32 23 0 0 2 5 38 0 
Coenonympha tullia inornata 0 4 0 16 33 0 1 0 23 43 
Colias alexandra 0 0 0 0 0 0 0 0 0 0 
Colias christina 0 0 0 0 0 0 0 0 0 0 
Colias eurytheme 0 0 0 0 0 0 0 0 0 0 
Colias gigantea 2 0 0 0 0 0 0 1 0 0 
Colias interior 0 0 0 0 0 0 0 0 0 0 
Colias pelidne 0 0 0 0 0 1 0 0 0 0 
Colias philodice 1 0 0 1 0 0 1 1 6 2 
Erebia epipsodea 7 43 21 4 0 2 14 11 5 6 
Euchloe sp. 1 1 6 1 24 0 0 5 6 1 
Euphilotes enoptes ancilla 0 0 0 0 0 0 0 0 0 0 
Euphydryas chalcedona 0 0 2 7 4 0 1 0 0 0 
Euphydryas editha 0 0 0 1 0 0 0 0 0 1 
Euphydryas gillettii 0 0 0 0 0 0 0 0 0 0 
Euptoieta claudia 0 0 0 0 0 0 0 0 0 0 
Glaucopsyche lygdamus 1 1 40 0 9 4 2 4 5 0 
Glaucopsyche piasus 0 0 0 2 0 0 0 0 0 0 
Limenitis weidemeyerii 0 1 0 3 0 0 0 0 0 0 
Lycaeides idas 0 0 0 1 0 0 1 3 1 0 
Lycaeides melissa 0 0 0 3 0 0 0 6 1 0 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 7 
Lycaena editha 0 0 0 3 0 0 4 0 1 4 
Lycaena helloides 4 1 3 3 0 6 23 51 23 3 
Lycaena heteronea 0 0 2 7 0 0 1 3 4 52 
Lycaena hyllus 0 0 0 0 0 2 17 0 0 0 
Lycaena nivalis 0 0 1 6 3 0 0 0 2 0 
Lycaena phlaeas 0 0 0 0 0 0 0 0 0 0 
Lycaena rubidus 0 0 0 0 0 0 0 0 0 0 
Nymphalis antiopa 0 1 0 0 1 0 0 1 0 0 
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Table E.2.  (continued)           
Teton Region Butterflies M
11
99
7 
M
21
99
7 
M
31
99
7 
M
51
99
7 
M
61
99
7 
M
11
99
8 
M
21
99
8 
M
31
99
8 
M
51
99
8 
M
61
99
8 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 0 0 1 0 0 0 2 0 0 1 
Oeneis chryxus chryxus 0 0 1 0 0 0 0 0 0 0 
Oeneis jutta 0 0 0 0 0 0 0 0 0 0 
Oeneis uhleri 0 0 1 0 0 0 0 0 0 0 
Papilio canadensis 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 0 0 0 0 0 0 0 
Papilio rutulus 0 2 3 2 0 0 0 0 0 0 
Papilio zelicaon 2 4 7 0 0 0 0 6 0 2 
Parnassius clodius 0 0 2 0 2 0 0 0 3 0 
Parnassius phoebus smintheus   0 1 1 2 2 0 0 0 0 0 
Phyciodes campestris 0 0 1 0 0 0 1 1 3 0 
Phyciodes selenis 4 5 1 0 0 0 0 0 1 0 
Phyciodes tharos 0 0 0 0 0 0 0 0 0 0 
Pieris napi marginalis 0 1 0 1 0 0 2 0 1 1 
Pieris napi oleracea 0 0 0 0 0 0 0 0 0 0 
Pieris rapae 0 0 0 1 0 0 0 0 0 0 
Plebejus icarioides 7 1 5 69 24 1 0 4 18 5 
Plebejus lupini 1 0 2 9 5 0 0 1 3 1 
Plebejus saepiolus 28 94 12 4 0 8 33 12 3 1 
Plebejus shasta 0 0 0 0 0 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 0 0 0 0 
Pontia occidentalis 0 0 0 0 0 0 0 0 1 0 
Pontia protodice 0 0 0 0 1 1 0 2 0 1 
Satyrium sylvinus 0 0 0 0 0 0 0 1 0 0 
Speyeria atlantis hesperis 0 0 0 0 0 0 0 0 0 0 
Speyeria callippe 0 0 8 1 0 0 0 0 0 1 
Speyeria cybele 0 0 0 0 0 3 4 0 0 0 
Speyeria edwardsii 0 0 0 0 0 0 0 0 0 0 
Speyeria egleis 0 1 0 0 0 0 0 0 0 0 
Speyeria hydaspe 0 0 0 0 0 0 1 0 0 0 
Speyeria mormonia 1 3 11 30 0 6 13 48 40 3 
Speyeria zerene 0 0 0 0 0 0 0 0 5 1 
Vanessa annabella 0 0 0 0 0 0 1 0 0 0 
Vanessa atalanta 0 0 0 0 0 0 2 0 0 0 
Vanessa cardui 0 0 1 0 1 1 1 4 0 2 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
0 
M
22
00
0 
M
32
00
0 
M
52
00
0 
M
62
00
0 
M
12
00
1 
M
22
00
1 
M
32
00
1 
M
52
00
1 
M
62
00
1 
Agriades glandon 0 1 7 1 0 0 0 0 0 0 
Anthocharis sara stella 0 0 0 0 0 0 0 0 0 0 
Boloria frigga 3 0 0 0 0 10 0 0 0 0 
Boloria kriemhild 1 5 4 0 0 0 4 2 0 0 
Boloria selene 22 11 0 0 0 22 13 0 0 0 
Callophrys dumetorum 0 0 1 0 3 0 0 0 0 4 
Callophrys sheridanii 0 0 0 0 0 0 0 0 0 0 
Cercyonis oetus 1 0 2 18 5 1 0 21 38 26 
Cercyonis pegala 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 2 1 5 0 0 0 1 0 0 0 
Coenonympha haydenii 10 27 46 21 3 5 16 18 22 1 
Coenonympha tullia inornata 5 4 3 4 28 3 5 0 30 50 
Colias alexandra 0 0 0 0 0 0 0 0 0 0 
Colias christina 0 0 0 0 0 0 2 1 0 0 
Colias eurytheme 0 0 0 0 0 0 0 0 0 0 
Colias gigantea 0 0 0 0 0 6 1 0 0 0 
Colias interior 14 2 0 0 0 0 0 0 0 0 
Colias pelidne 2 0 1 4 0 1 2 1 1 0 
Colias philodice 0 0 0 0 0 1 4 3 0 0 
Erebia epipsodea 15 52 19 2 0 7 47 14 11 3 
Euchloe sp. 0 4 2 1 0 0 1 2 0 0 
Euphilotes enoptes ancilla 0 0 0 0 0 0 0 1 0 0 
Euphydryas chalcedona 0 0 0 0 0 0 0 0 0 0 
Euphydryas editha 0 0 0 0 0 0 0 0 0 0 
Euphydryas gillettii 0 0 0 0 0 0 0 0 0 0 
Euptoieta claudia 0 0 0 0 0 0 0 0 0 0 
Glaucopsyche lygdamus 0 1 1 0 0 0 0 2 0 1 
Glaucopsyche piasus 0 0 0 0 0 0 0 0 0 0 
Limenitis weidemeyerii 0 0 0 0 0 0 0 0 0 0 
Lycaeides idas 0 0 0 1 0 0 0 12 3 2 
Lycaeides melissa 0 0 3 2 0 0 0 8 0 0 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 0 
Lycaena editha 1 1 0 1 2 0 12 0 0 3 
Lycaena helloides 5 0 5 3 0 4 0 4 1 0 
Lycaena heteronea 0 0 0 12 34 0 1 4 4 35 
Lycaena hyllus 0 0 0 1 0 0 5 0 0 1 
Lycaena nivalis 0 0 0 3 4 0 3 6 5 0 
Lycaena phlaeas 0 0 0 0 0 0 0 0 0 0 
Lycaena rubidus 0 0 0 0 0 0 0 0 0 0 
Nymphalis antiopa 1 0 0 0 0 0 0 1 0 0 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
0 
M
22
00
0 
M
32
00
0 
M
52
00
0 
M
62
00
0 
M
12
00
1 
M
22
00
1 
M
32
00
1 
M
52
00
1 
M
62
00
1 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 1 0 0 0 0 0 1 0 0 0 
Oeneis chryxus chryxus 0 0 0 0 0 0 0 1 0 0 
Oeneis jutta 0 0 0 0 0 0 0 0 0 0 
Oeneis uhleri 0 0 0 0 0 0 0 0 0 0 
Papilio canadensis 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 2 0 0 0 0 0 1 0 0 0 
Papilio rutulus 0 1 1 0 0 0 0 1 0 0 
Papilio zelicaon 0 1 0 0 0 0 0 0 0 0 
Parnassius clodius 2 2 6 0 1 1 0 0 0 0 
Parnassius phoebus smintheus 0 0 0 0 0 0 0 0 0 0 
Phyciodes campestris 14 3 0 1 0 0 1 2 0 0 
Phyciodes selenis 28 13 1 3 0 14 15 2 0 0 
Phyciodes tharos 1 0 0 0 0 1 1 1 0 0 
Pieris napi marginalis 8 5 4 0 0 0 0 0 0 0 
Pieris napi oleracea 0 0 0 0 0 3 3 1 0 0 
Pieris rapae 0 0 0 0 0 0 0 0 0 0 
Plebejus icarioides 12 11 15 95 55 7 4 37 8 54 
Plebejus lupini 0 1 7 4 2 2 1 2 5 2 
Plebejus saepiolus 22 27 10 3 0 31 48 41 1 0 
Plebejus shasta 0 0 0 0 0 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 0 0 0 0 
Pontia occidentalis 0 1 0 0 0 0 0 0 0 0 
Pontia protodice 0 0 1 0 0 0 0 1 0 0 
Satyrium sylvinus 0 0 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 0 0 0 0 0 0 0 0 0 0 
Speyeria callippe 0 0 3 0 4 0 0 0 0 0 
Speyeria cybele 0 0 0 0 0 17 7 1 0 0 
Speyeria edwardsii 0 0 0 0 0 0 0 0 0 0 
Speyeria egleis 0 0 0 0 0 0 0 0 0 0 
Speyeria hydaspe 1 1 1 0 0 0 0 0 0 0 
Speyeria mormonia 2 7 54 22 1 1 27 45 14 2 
Speyeria zerene 0 0 0 0 0 0 0 0 0 0 
Vanessa annabella 0 0 0 0 0 0 0 0 0 0 
Vanessa atalanta 0 0 0 0 0 0 0 0 0 0 
Vanessa cardui 0 0 0 0 0 3 2 3 4 3 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
3 
M
22
00
3 
M
32
00
3 
M
52
00
3 
M
62
00
3 
M
12
00
4 
M
22
00
4 
M
32
00
4 
M
52
00
4 
M
62
00
4 
Agriades glandon 0 0 0 0 0 0 0 0 0 0 
Anthocharis sara stella 0 1 0 0 0 0 0 0 0 0 
Boloria frigga 2 1 0 0 0 0 0 0 0 0 
Boloria kriemhild 0 3 0 0 0 0 1 0 0 0 
Boloria selene 4 8 0 0 0 9 6 0 0 0 
Callophrys dumetorum 0 0 0 0 0 0 0 0 0 0 
Callophrys sheridanii 0 0 0 0 0 0 0 0 0 0 
Cercyonis oetus 2 0 7 26 18 1 0 12 39 26 
Cercyonis pegala 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 4 4 13 9 0 0 3 3 1 0 
Coenonympha haydenii 10 24 26 23 0 8 43 25 3 1 
Coenonympha tullia inornata 12 15 2 9 16 5 3 1 3 5 
Colias alexandra 0 0 1 0 0 0 0 1 0 0 
Colias christina 0 0 0 0 0 0 0 0 0 0 
Colias eurytheme 0 0 0 0 0 0 0 0 0 0 
Colias gigantea 18 2 0 0 0 20 4 0 0 0 
Colias interior 0 0 0 0 0 0 0 0 1 0 
Colias pelidne 0 0 0 0 0 0 0 0 0 0 
Colias philodice 0 1 0 0 0 0 0 0 0 0 
Erebia epipsodea 11 25 13 2 0 2 7 2 0 0 
Euchloe sp. 0 3 4 0 0 0 1 0 0 0 
Euphilotes enoptes ancilla 0 1 0 0 0 1 3 8 8 5 
Euphydryas chalcedona 1 0 1 6 0 1 0 0 21 0 
Euphydryas editha 0 0 1 2 0 0 0 0 0 0 
Euphydryas gillettii 3 2 0 0 0 0 0 0 0 0 
Euptoieta claudia 0 0 0 0 0 0 0 0 0 0 
Glaucopsyche lygdamus 0 1 4 2 0 1 0 5 0 0 
Glaucopsyche piasus 1 0 0 5 2 0 1 0 2 4 
Limenitis weidemeyerii 0 0 0 0 0 2 0 0 0 0 
Lycaeides idas 0 0 4 1 0 0 0 11 4 0 
Lycaeides melissa 0 0 8 2 0 0 0 0 0 0 
Lycaena cupreus 0 0 0 0 0 0 0 0 0 0 
Lycaena editha 0 0 0 3 3 0 5 0 6 4 
Lycaena helloides 3 1 3 1 0 1 5 6 0 0 
Lycaena heteronea 1 0 1 6 77 0 0 6 18 71 
Lycaena hyllus 0 4 0 0 0 0 1 0 0 0 
Lycaena nivalis 0 0 0 2 2 0 0 0 0 5 
Lycaena phlaeas 0 1 0 0 0 0 0 0 0 0 
Lycaena rubidus 0 0 0 0 0 0 0 0 1 0 
Nymphalis antiopa 0 0 0 0 0 0 0 0 0 0 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 0 0 0 0 0 0 0 0 0 0 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
3 
M
22
00
3 
M
32
00
3 
M
52
00
3 
M
62
00
3 
M
12
00
4 
M
22
00
4 
M
32
00
4 
M
52
00
4 
M
62
00
4 
Oeneis chryxus chryxus 0 0 4 0 0 0 0 0 0 0 
Oeneis jutta 0 0 0 0 0 0 0 0 0 0 
Oeneis uhleri 0 0 0 0 0 0 0 0 0 0 
Papilio canadensis 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 0 0 0 0 0 0 0 
Papilio rutulus 0 0 1 0 0 1 1 3 0 0 
Papilio zelicaon 0 0 2 0 0 0 0 1 0 0 
Parnassius clodius 0 0 0 0 0 2 0 1 0 0 
Parnassius phoebus smintheus 0 0 1 0 1 0 0 0 0 1 
Phyciodes campestris 3 1 11 8 1 1 3 4 3 1 
Phyciodes selenis 23 31 1 0 0 23 47 1 0 0 
Phyciodes tharos 0 0 0 0 0 0 0 0 0 0 
Pieris napi marginalis 4 0 1 0 0 2 1 0 0 1 
Pieris napi oleracea 0 0 0 0 0 0 0 0 0 0 
Pieris rapae 0 0 2 0 0 0 0 0 0 0 
Plebejus icarioides 6 4 48 105 65 4 7 15 67 50 
Plebejus lupini 1 0 17 14 15 0 0 3 7 1 
Plebejus saepiolus 33 49 23 2 1 17 23 9 2 1 
Plebejus shasta 0 0 6 5 6 0 0 0 0 0 
Pontia beckerii 0 0 0 0 0 0 0 0 0 0 
Pontia occidentalis 1 0 0 0 0 0 0 0 0 0 
Pontia protodice 1 1 0 1 2 0 1 0 2 1 
Satyrium sylvinus 0 0 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 0 0 0 0 0 0 0 0 0 0 
Speyeria callippe 0 0 3 5 3 0 0 14 8 2 
Speyeria cybele 0 2 0 0 0 0 0 0 0 0 
Speyeria edwardsii 0 0 0 0 2 0 0 0 0 0 
Speyeria egleis 0 0 0 0 0 0 0 0 0 0 
Speyeria hydaspe 3 0 0 0 0 0 0 0 1 0 
Speyeria mormonia 2 12 23 18 2 1 13 20 1 0 
Speyeria zerene 0 0 0 0 0 0 0 0 0 0 
Vanessa annabella 0 0 0 0 0 0 0 0 0 0 
Vanessa atalanta 0 0 0 0 0 0 0 0 0 0 
Vanessa cardui 0 3 1 1 1 1 2 1 0 1 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
5 
M
22
00
5 
M
32
00
5 
M
52
00
5 
M
62
00
5 
M
12
00
6 
M
22
00
6 
M
32
00
6 
M
52
00
6 
M
62
00
6 
Agriades glandon 0 0 5 1 0 1 0 9 0 0 
Anthocharis sara stella 0 0 1 0 0 1 1 0 0 1 
Boloria frigga 13 0 0 0 0 23 1 0 0 0 
Boloria kriemhild 0 7 2 0 0 1 6 2 0 0 
Boloria selene 17 9 0 0 0 13 11 0 0 0 
Callophrys dumetorum 0 0 0 0 0 0 0 0 0 0 
Callophrys sheridanii 0 0 0 0 0 0 0 0 0 0 
Cercyonis oetus 0 0 0 16 0 8 4 5 20 18 
Cercyonis pegala 0 0 0 0 0 0 0 0 0 0 
Chlosyne palla 1 1 2 0 0 0 0 0 0 0 
Coenonympha haydenii 15 41 47 33 0 3 10 20 16 0 
Coenonympha tullia inornata 12 17 12 15 104 4 6 4 11 43 
Colias alexandra 0 0 0 0 0 2 0 1 1 0 
Colias christina 0 0 0 0 0 0 1 0 0 0 
Colias eurytheme 0 0 0 0 0 0 1 0 0 0 
Colias gigantea 5 1 0 0 0 5 2 2 0 0 
Colias interior 0 0 0 0 0 0 0 0 0 0 
Colias pelidne 1 1 3 5 1 0 1 0 0 0 
Colias philodice 0 0 1 1 0 1 2 2 1 0 
Erebia epipsodea 28 75 20 7 0 16 31 14 10 4 
Euchloe sp. 0 2 3 0 0 0 4 4 0 0 
Euphilotes enoptes ancilla 5 4 8 7 11 2 0 0 2 5 
Euphydryas chalcedona 0 0 0 0 0 0 0 0 0 0 
Euphydryas editha 0 0 0 8 4 0 0 0 4 2 
Euphydryas gillettii 1 0 0 0 0 0 0 0 0 0 
Euptoieta claudia 0 0 1 0 0 0 0 0 0 0 
Glaucopsyche lygdamus 0 2 1 1 0 5 0 3 1 1 
Glaucopsyche piasus 0 0 1 4 3 0 0 0 1 2 
Limenitis weidemeyerii 0 0 1 1 0 1 0 1 0 0 
Lycaeides idas 0 0 0 0 0 0 0 4 0 0 
Lycaeides melissa 0 0 4 2 0 0 1 12 2 0 
Lycaena cupreus 0 1 0 0 4 1 0 0 0 0 
Lycaena editha 0 0 0 9 0 0 3 0 2 1 
Lycaena helloides 3 7 6 3 2 12 6 12 1 0 
Lycaena heteronea 0 0 0 12 3 2 0 3 14 37 
Lycaena hyllus 0 0 0 0 0 1 5 0 0 0 
Lycaena nivalis 0 0 2 7 3 0 0 0 6 3 
Lycaena phlaeas 0 0 0 0 0 0 0 0 0 0 
Lycaena rubidus 0 0 0 0 0 0 0 0 0 0 
Nymphalis antiopa 0 0 0 0 0 0 0 0 0 0 
Nymphalis californica 0 0 0 0 0 0 0 0 0 0 
Nymphalis milberti 0 0 0 0 1 0 0 0 0 0 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
5 
M
22
00
5 
M
32
00
5 
M
52
00
5 
M
62
00
5 
M
12
00
6 
M
22
00
6 
M
32
00
6 
M
52
00
6 
M
62
00
6 
Oeneis chryxus chryxus 0 0 5 0 0 0 0 0 0 0 
Oeneis jutta 2 0 0 0 0 0 0 0 0 0 
Oeneis uhleri 0 0 0 0 0 0 0 0 0 0 
Papilio canadensis 0 0 0 0 0 0 0 0 0 0 
Papilio eurymedon 0 0 0 0 0 0 0 0 0 0 
Papilio rutulus 0 0 0 1 0 0 0 1 0 0 
Papilio zelicaon 0 0 1 0 0 0 0 0 0 0 
Parnassius clodius 2 0 1 2 0 1 0 0 0 1 
Parnassius phoebus smintheus 0 0 0 0 0 0 0 0 0 0 
Phyciodes campestris 1 0 4 5 0 1 0 0 1 0 
Phyciodes selenis 11 14 2 0 0 9 10 0 0 0 
Phyciodes tharos 0 0 0 0 0 0 1 0 0 0 
Pieris napi marginalis 0 3 0 0 1 1 1 1 0 1 
Pieris napi oleracea 0 0 0 0 0 0 0 0 0 0 
Pieris rapae 0 0 0 0 0 0 0 1 0 0 
Plebejus icarioides 7 4 7 90 65 1 1 8 51 28 
Plebejus lupini 2 0 11 11 47 1 0 4 7 2 
Plebejus saepiolus 7 40 57 3 1 31 53 29 6 5 
Plebejus shasta 0 0 0 0 0 0 0 1 0 0 
Pontia beckerii 0 0 0 1 0 0 0 0 0 1 
Pontia occidentalis 1 0 1 0 0 0 0 0 0 0 
Pontia protodice 0 1 0 0 0 0 0 0 0 0 
Satyrium sylvinus 0 0 0 0 0 0 0 0 0 0 
Speyeria atlantis hesperis 0 0 1 0 0 0 0 0 0 0 
Speyeria callippe 0 0 10 3 3 0 1 7 8 5 
Speyeria cybele 0 0 0 0 0 4 3 0 0 0 
Speyeria edwardsii 0 0 0 0 0 0 0 0 0 0 
Speyeria egleis 0 0 0 0 0 0 0 7 1 0 
Speyeria hydaspe 0 0 0 0 0 0 0 0 0 0 
Speyeria mormonia 1 4 11 19 0 2 22 24 9 0 
Speyeria zerene 0 0 0 0 0 0 0 2 6 2 
Vanessa annabella 0 0 0 0 0 0 0 0 0 0 
Vanessa atalanta 0 0 0 0 0 0 0 0 0 0 
Vanessa cardui 6 11 10 4 7 0 0 0 0 0 
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
7*
 
M
22
00
7*
 
M
32
00
7 
M
52
00
7 
M
62
00
7 
Agriades glandon 0 1 3 0 0 
Anthocharis sara stella 0 0 0 0 0 
Boloria frigga 3 0 0 0 0 
Boloria kriemhild 1 3 0 1 0 
Boloria selene 0 0 0 0 0 
Callophrys dumetorum 0 0 0 0 0 
Callophrys sheridanii 0 0 0 0 0 
Cercyonis oetus 13 5 20 38 23 
Cercyonis pegala 0 0 0 2 0 
Chlosyne palla 0 2 0 0 0 
Coenonympha haydenii 11 15 13 19 1 
Coenonympha tullia inornata 0 3 1 6 32 
Colias alexandra 0 0 0 0 0 
Colias christina 0 0 0 0 0 
Colias eurytheme 0 0 1 0 0 
Colias gigantea 0 0 0 0 0 
Colias interior 0 0 0 0 0 
Colias pelidne 0 0 1 0 0 
Colias philodice 1 2 4 5 1 
Erebia epipsodea 4 17 26 7 1 
Euchloe sp. 0 1 1 2 0 
Euphilotes enoptes ancilla 0 0 1 0 1 
Euphydryas chalcedona 0 0 0 1 0 
Euphydryas editha 0 0 0 0 1 
Euphydryas gillettii 0 0 0 0 0 
Euptoieta claudia 0 0 0 0 0 
Glaucopsyche lygdamus 0 0 1 1 1 
Glaucopsyche piasus 0 0 0 1 0 
Limenitis weidemeyerii 0 1 0 1 0 
Lycaeides idas 0 0 8 0 0 
Lycaeides melissa 0 0 6 2 0 
Lycaena cupreus 0 0 0 0 0 
Lycaena editha 0 6 1 3 3 
Lycaena helloides 7 7 14 0 0 
Lycaena heteronea 2 0 6 16 41 
Lycaena hyllus 0 0 0 0 0 
Lycaena nivalis 0 0 1 2 2 
Lycaena phlaeas 0 0 0 0 0 
Lycaena rubidus 0 0 0 0 0 
Nymphalis antiopa 0 0 2 0 0 
Nymphalis californica 0 0 1 0 0 
Nymphalis milberti 0 0 0 0 0 
* Butterfly abundance within these meadow types are averaged from a subset of two    
meadows out of the five meadow replicates  
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Table E.2.  (continued) 
Teton Region Butterflies M
12
00
7*
 
M
22
00
7*
 
M
32
00
7 
M
52
00
7 
M
62
00
7 
Oeneis chryxus chryxus 0 0 1 0 0 
Oeneis jutta 0 1 0 0 0 
Oeneis uhleri 0 0 0 0 0 
Papilio canadensis 1 1 4 1 0 
Papilio eurymedon 0 0 0 0 0 
Papilio rutulus 1 1 1 0 0 
Papilio zelicaon 0 0 1 0 0 
Parnassius clodius 1 0 3 3 2 
Parnassius phoebus smintheus 0 0 0 0 0 
Phyciodes campestris 1 0 2 1 0 
Phyciodes selenis 3 3 1 0 0 
Phyciodes tharos 0 0 0 0 0 
Pieris napi marginalis 1 1 0 0 0 
Pieris napi oleracea 0 0 0 0 0 
Pieris rapae 0 1 0 0 0 
Plebejus icarioides 4 0 19 60 27 
Plebejus lupini 0 0 5 0 6 
Plebejus saepiolus 17 14 22 3 1 
Plebejus shasta 0 0 0 3 0 
Pontia beckerii 0 0 1 0 0 
Pontia occidentalis 0 0 0 0 0 
Pontia protodice 0 0 0 0 0 
Satyrium sylvinus 0 0 0 0 0 
Speyeria atlantis hesperis 1 0 2 2 0 
Speyeria callippe 2 0 12 17 6 
Speyeria cybele 0 0 0 0 0 
Speyeria edwardsii 0 0 0 1 0 
Speyeria egleis 1 0 0 0 0 
Speyeria hydaspe 0 0 0 0 0 
Speyeria mormonia 1 36 39 5 1 
Speyeria zerene 0 0 1 9 2 
Vanessa annabella 0 0 0 0 0 
Vanessa atalanta 0 0 0 0 0 
Vanessa cardui 0 0 0 0 0 
* Butterfly abundance within these meadow types are averaged from a subset of two    
meadows out of the five meadow replicates  
